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‘Tus paper is an account of the clinical and pathological features and the response 
io treatment of 80 mucous gland tumours derived from sites other than the 
major salivary glands. 

Tumours similar to those met with in the parotid gland are also encountered, 
though less frequently, in the submaxillary and sublingual glands and in the minor 
salivary glands which are distributed throughout the oral tissues. More rarely 
still, growths of very similar histological appearance are seen in the nose, 
nasopharynx, pharynx, larynx and trachea where, of course, there are no 
salivary glands but where there are numerous mucous glands so similar in structure 
to the minor salivary glands that the tumours encountered may reasonably be 
assumed to arise from them. The tumours in all these situations form a coherent 
group, and though the parotid gland, their commonest site of origin, produces a 
purely serous secretion while the other glands produce serous, mucous or mixed 
secretions, the growths are generally brought together under the convenient, 
though strictly speaking inaccurate, general designation of “‘ mucous gland 
tumours”. In any case, the tumours probably arise from the ducts of the glands 
and the precise nature of the secretion has no influence on their structure or 
behaviour. 

The prognosis for patients suffering from parotid tumours depends upon the 
method of treatment adopted, and figures quoted for recurrence rates vary widely. 
'ollowing simple enucleation it is probable that a recurrence rate of 25 to 50 per . 
cent may be expected, though better results are to be obtained from more radical 
procedures. With regard to tumours of the minor salivary and other mucous 
vlands, precise figures are hard to come by, for the cases are rare and are usually 
reported in small groups or as single cases, and without waiting to see whether 
recurrence, which may be long delayed, will take place. Nevertheless, there is a 
seneral impression amongst pathologists and clinicians that the prognosis in these 
cases is worse than in cases of parotid tumour. From a study of the 80 tumours 
reported here, we hope to decide whether this is in fact the case, and if so, whether 
it is due to the anatomical sites of the tumours leading to special difficulties in 
treatment, or to differences in the incidence of histological sub-types. The 80 
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tumours include all the cases seen at the Middlesex Hospital in the last 30 years, 
and we have made every effort to trace all the patients. Some patients with 
mucous gland tumours attend dental hospitals and are treated there ; we have 
therefore tried to give a more general picture of the site distribution of these 
tumours by including the cases seen at the Royal Dental Hospital in recent years. 


NORMAL DISTRIBUTION OF MUCOUS GLANDS 


As already implied, the term “‘ mucous gland ”’ is used in this investigation to 
designate the minor salivary and other glands of similar general structure, 
wherever situated or whatever the nature of their secretion. The distribution of 
mucous glands relevant to the present study is as follows. 

(1) Oral cavity—Glands of minor salivary secretion are plentifully distributed 
within the oral cavity, and may be conveniently grouped according to situation. 


. Labial glands. In the submucosa of the inner surface of the lips. 

. Retromolar glands. In the vicinity of the parotid duct opening. 
They discharge in the third molar region. 

Buccal glands. Situated in the mucous membrane of the cheek. 

. Glands of floor of mouth. 

. Lesser sublingual glands. Small glands near the major sublingual 
gland. 

. Glosso-palatine glands. A group of glands extending posteriorly 
from the lesser sublingual glands, to ascend in the mucosa of the 
glosso-palatine fold. 

. Palatine glands. Some 400 glands distributed over the hard and 
soft palates, and the uvula. 

Lingual glands. The anterior lingual glands are situated close to the 
inferior surface of the tongue, one on each side of the fraenum, near 
the tip. Other glands are found at the base and borders of the 
tongue. 

. Tonsillar glands. Many small glands are found outside the capsule 
of the palatine tonsil. Glands are also present over the pharyngeal 
tonsil. 


(2) Nose.—Small glands are found in both the respiratory and the olfactory 
epithelium. 

(3) Nasal Sinuses.—Glands are present in all the sinuses. They are smaller 
and fewer than those in the nasal epithelium. 

(4) Larynx.—Glands are present in the epithelium throughout the larynx. 

(5) Trachea.—The lamina propria contains many small glands. In the 
posterior portion they extend through the muscle layer. 

(6) Bronchi.—Glands are found as far out in the bronchial tree as the cartilage 
extends, and usually under the muscle layer. 

(7) Lachrymal Glands.—These are comprised of one main gland and the 
tarsal glands on the inner surface of the eyelids. 


PATHOLOGY 
The 80 cases are classified on a histological basis as shown in Table I. 
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TABLE I.—Site and Histological Type of 80 Mucous Gland Tumours 


Benign Muco- 
mixed epidermoid Car- 
Site. tumour. tumour. Basalioma. cinoma. Totals. 


Lip and cheek 10 
Peritonsillar 

Floor of mouth . 

Nose and sinuses 
Nasopharynx 

Larynx, trachea and bronchi. 
Lachrymal gland 

Pyriform fossa 
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Total . 


Benign mixed tumours 


The term ‘“‘ mixed tumour ”’ is used here in a purely morphological sense, to 
denote that group of tumours of mucous glands in which epithelial and connective 
tissue changes are prominent; it is not meant to convey any notions of 
histogenesis. 

The mixed tumours in the present series were round or ovoid, with smooth, 
sometimes lobulated surfaces. Most of the tumours appeared to be well 
encapsulated and circumscribed (Fig. 1), though not infrequently projections 
from the main body of the growth were noted. Outgrowths of this type have 
sometimes been misinterpreted as separate or “ seedling ” nodules of tumour 
since they appear to form discrete foci of growth lying outside the fibrous tissue 
capsule (Fig. 2). Foote and Frazell (1953), however, found true multicentric 
foci in clinically recurrent cases only; they believe that primary (that is, 
previously untreated) tumours occur as a single mass in the majority of cases. 
Patey and Thackray (1953), moreover, have shown by means of serial sections of 
parotid tumours that apparently discrete nodules are in fact continuous with the 
main body of the growth, the connecting portion of tissue often being quite a 
slender strand passing through the capsule. This strand, of course, is readily 
ruptured when the parent growth is removed by simple enucleation. 

Microscopically, the mixed tumours present a characteristically varied 
appearance. In the major salivary glands some 80 per cent present the familiar 
picture of strands or sheets of epithelial cells in a chondroid or myxochondroid 
matrix (Fig. 3). The remaining 20 per cent show variations from what may be 
called the typical picture, though some features of this are usually present. In 
the minor salivary and other mucous glands, however, the position is reversed ; 
it is only the minority of tumours which show extensive areas of chondroid or 
myxochondroid changes, the vast majority showing such changes in minor degree 
only. 

In these tumours, the stroma may be myxoid or hyaline, while the epithelial 
elements may be comparatively scanty, taking the form of short strands of 
spindle-shaped cells (Fig. 4). Or the epithelial cells may be arranged in larger 
islands, in some cases these being so extensive as to constitute almost a solid 
epithelial tumour (Fig. 5). 

Tubular structures are quite commonly seen. These may be numerous and 
uniformly distributed throughout the epithelial element of the tumour, and tend 
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to be small and regular, _ Larger duct-like structures may also be seen ; they are 
more unevenly distributed and are irregular in size and shape (Fig. 6). 

Squamous metaplasia is a not uncommon feature of mixed tumours, varying 
from small foci of epidermoid cells to fully developed epithelial pearls (Fig. 7). 
The presence of cells similar to those found in the ‘‘ onkocytoma’”’ has been 
reported as occurring in about 10 per cent of mixed tumours (Foote and Frazell, 
1953) and also the occurrence of spindle-cells in bundles or in palisade arrange- 
ment, suggesting a myoepithelial origin (Sheldon, 1943). 

Myxoid, chrondroid, or myxochrondroid changes in the stroma have already 
been mentioned. Fibrosis and hyalinization may also occur and occasionally fat 
is present (Fig. 1). 


Malignant mixed tumours 


There is considerable variation in opinion on the incidence of malignant 
mixed tumours. Ahlbom (1935) had never seen a histologically benign tumour 
become malignant. Mulligan (1943) reviewed the literature and reported 
metastases in 12 parotid tumours, 6 sub-maxillary tumours of the palate and 1 of 
the sublingual gland. However, he considered at least 12 of these tumours to be 
basaliomas, which are now generally considered as distinct from mixed tumours. 
On the other hand, none of the 100 mixed tumours in the series reported by 
Rawson, Howard, Royster and Horn (1950) metastasized. Here the authors had 
been careful to adopt narrow histological criteria for the diagnosis of mixed tumour. 
However, Foote and Frazell (1953) also employed strict criteria in the histological 
diagnosis of benign and malignant mixed tumours and were able to report 57 


tumours as malignant mixed out of 877 tumours of all types occurring in the 
major salivary glands. In the present series there are no examples of malignant 
mixed tumours. 


Mucoepidermoid tumours 


This group of tumours, considered to be of duct origin, has recently been 
brought into prominence by the report of Stewart, Foote and Becker (1945) of 
45 cases, occurring in some 700 major and minor salivary gland tumours. Earlier 
accounts of individual cases have been given by Masson and Berger (1924), De 
and Tribedi (1939) and by others. More recent reports are those of Linell (1948), 
Rawson, Howard, Royston and Horn (1950), and Smith, Broadbent and Zavaleta 
(1954). 

Histologically, muco-epidermoid tumours are composed of mucus-secreting 
cells, cells of epidermoid type and an intermediate variety of cell, in varying 
proportions. In the tumours of a lower grade of malignancy cysts are frequent, 
these being lined by mucous cells or by non-mucous columnar or epidermoid cells 
(Fig. 8). Mucus is often produced abundantly, resulting in rupture of the cystic 
spaces and escape of the secretion into the stroma, in which a foreign body 
reaction may then develop. In tumours of a higher grade of malignancy epider- 
moid and intermediate cells predominate and cyst formation is infrequent. 

Rawson and his co-workers found 11 muco-epidermoid tumours in their series 
of 160 tumours of the major and minor salivary glands, 8 being of low and 3 of 
high malignancy. All the tumours of low grade malignancy were from the 
parotid ; the remaining 3 were derived from the tongue, the parotid and the 
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submaxillary glands. Smith, Broadbent and Zavaleta (1954) found 7 muco- 
epidermoid tumours in their series of 32 oral mucous gland tumours, an incidence 
of 30 per cent compared with the 5 per cent incidence in Stewart, Foote and 
Becker’s (1945) series, the 7 per cent of Rawson et al. (1950) and the 11 per cent 
of Foote and Frazell (1953). The 3 muco-epidermoid tumours in the present 
series give an incidence of just under 4 per cent. It has already been pointed 
out that benign mixed tumours of the minor salivary and mucous glands tend 
towards a ductular form, together with abundant epidermoid features; it is 
possible that tumours of that type may sometimes be considered as 
muco-epidermoid. 


Basalioma 

Tumours are encountered occasionally in the major salivary glands and 
relatively more frequently in the mucous glands of the upper respiratory tract, 
which have a very characteristic and easily recognisable histological appearance 
but which suffer from a large number of aliases. One of the earliest recorded 
examples of a tumour of this type which had invaded the orbit, having apparently 
arisen in the nasal sinuses, was published by Billroth (1859) under the name of 
‘“* eylindroma’”’. He gave it this name because the cylindrical masses of 
epithelial cells were surrounded by prominent hyaline or glassy sheaths staining 
a uniform pale pink with eosin. Tumours with this histological characteristic are 
found arising from a variety of glands, ard it is to the type arising in sweat glands 
that the name is most commonly applied at the present time. Unfortunately, 
since Billroth’s original description, the term “ cylindromatous ”’ has often been 
used with a meaning quite different from his and it is now regarded by many 
writers as a term to be avoided in view of its frequent misinterpretation. 
Krompecher (1908) included tumours of this type as intranasal basal cell 
carcinomas, calling them “ cylindromatous basalioma”’. In the monograph on 
tumours of the nose by Ringertz (1938) the term “ basalioma ”’ is used, an example 
which we shall follow. The term most often used in America for these growths is 
*‘ adenoid cystic carcinoma ’’ which, however, does not draw attention to their 
undoubted affinities with growths of the basal cell group. 

Histologically, the basalioma consists chiefly of small deeply staining cells, 
though sometimes rather larger cells may preponderate. A wide variety of 
patterns may be seen, often in the same tumour. Figs. 9 and 10, for example, 
are illustrations of fields from the same specimen. In Fig. 9 the tumour is growing 
in solid masses, some showing central necrosis. To the left of Fig. 10 the cell 
clumps are much smaller, and tend to form acini containing mucoid material, 
while towards the right acinar formation is not marked, the cells forming strands 
and columns in a hyaline stroma. Frequently the stroma becomes mucoid, the 
epithelial cells persisting in columns, but occasionally so much mucoid change 
takes place that only the cell groups at the periphery remain. An extreme 
example is seen in Fig. 11, where the appearances might easily suggest benign 
mixed tumour. 

Mucoid changes also occur in such a manner that the cell groups are broken up 
into very fine strands (Fig. 12). Here again the appearances simulate those 
found in some benign mixed tumours. In Fig. 13 mucoid change has proceeded 
in such a way as to produce quite large cystic spaces in the stroma, and in Fig. 14, 
from another tumour, well-marked cribriform arrangement of the cells is evident. 
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In some cases transitions to a more obviously malignant histological picture 
are seen (Fig. 15, which comes from the same case as Figs. 9 and 10), but even 
when the tumour remains apparently well differentiated there may still be infiltration 
of surrounding tissues. There is a special tendency to invasion of the perineural 
lymphatics (Fig. 16), whilst the haversian systems of bone may be involved without 
alteration of the general structure (Fig. 17). 


Carcinoma 

Apart from those carcinomas which have arisen in benign mixed tumours, and 
those which conform to the basalioma type, there still remain indeterminate 
tumours, variously described as of solid type, mucous cell or acinic cell types, or 
anaplastic. Such tumours are relatively infrequent ; they are described briefly 
and figured by Foote and Frazell (1953). 

In the present series there are 6 carcinomas, 4 of the palate and 2 of the tongue. 
In the previous section it was noted that in some basaliomas there were transi- 
tions to a more frankly malignant arrangement. If such areas were to be viewed 
out of their context they could well be considered simply as undifferentiated 
carcinoma. In one of the carcinomas in this series there were areas which 
strongly suggested a basiliomatous origin, while in the others only small amounts 
of material were available for study. 


CLINICAL FEATURES 


Palate 
Ot the 80 tumours reviewed in this paper no less than 33 (41 per cent) occurred 


in the roof of the mouth. The majority of these arose near the junction of the 
hard with the soft palate, but a few developed in the alveolus. There are no 
mucous glands in the anterior portion of the hard palate and no tumours were 
attached in that situation, although some were so large that they were in 
contact with most of the roof of the mouth. 


Histology 
On histological examination the numbers of cases in each group were as 
follows : 


Mixed type 21 (64 per cent). 
Basalioma . ‘ ‘ 5 (15 per cent). 
Carcinoma . ‘ ‘ 4 (12 per cent). 
Mucoepidermoid ‘ ‘ 3 ( 9 per cent). 


Age and sex and length of history 

Of the 33 patients there were 16 men and 17 women, but all four with 
carcinomata were men. 

The youngest patient was 26 years of age and the oldest 80 when they first 
attended for treatment, but the latter had had her tumour for over 37 years. In 
about half the cases the tumour was first noticed before the age of 30 and in 3 
cases (all of the mixed type) before the age of 20. 

Slowly growing tumours of this kind, changing little from year to year, some- 
times reach a large size before the patient sees fit to ask for advice, and in over 25 
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per cent of these cases there was a definite history of a tumour for more than 10 
years and in several others a history of “ many years ”’. 


Size - 
In the majority of cases at the time the patients presented for examination the 
tumour was from 2—4 cm. in diameter (Fig. 18), although some of the tumours 
which had been present a long time were very much larger. The largest of all 
occurred in a man of 33 in whom the tumour had first appeared at the age of 13. 
It filled almost the whole of the mouth and extended in addition well up into the 
nasopharynx above and rested on the epiglottis below (Fig. 19). It is not 
surprising that he had dysphagia and some dyspnoea on bending forwards. 
After removal the specimen measured nearly 4 inches across (Fig. 20). 


Symptoms 

Most of the patients reported to their doctors because of the presence of a 
painless swelling in the palate, but some reported to their dentists because a 
denture ceased to fit, and in a few the tumour was discovered accidentally during 
dental] treatment for some unrelated condition. Occasionally the surface of the 
tumour had become ulcerated with some associated bleeding. 


Treatment and results 

The methods of treatment adopted may be classified under four main 
headings: local excision (enucleation), wide excision, diathermy excision and 
radiotherapy. Follow-up of results to the present time or to death has been 
possible in all except 2 cases, but several cases have been treated in the last few 
years and in 8 cases the follow-up period has been less than 5 years. Even 5 
years must be regarded as valueless in following up this type of case because 
only one recurrence of a mixed tumour has been noticed in less than 7 years and 
recurrences have occurred after periods of up to 17 years. It seems most useful 
to consider the forms of treatment employed and the results obtained in relation 


to the histological groups. 


Mixed tumours 

In 8 cases in this histological category, the primary form of treatment was 
simple local excision and in 4 of these cases there has been recurrence ; in one 
case after 2 years, in others after 7 and 17 years, and in the fourth after 14 years 
(and again after a further period of 16 years). Of the 4 cases in which there has 
been no recurrence so far, | has been followed up for only one year and the others 
have been observed for 12, 20 and 22 years. Thus there has been recurrence in 
50 per cent of the mixed tumours of the palate treated by enucleation alone, and 
if the case followed for only a year were to be excluded from the survey, the 
recurrence rate would be 57 per cent. 

One tumour was treated by radiotherapy alone and this recurred rapidly and 
again recurred after a further course. The patient then returned to his native 
country and cannot now be traced. 

There has been no recurrence to date in patients treated by wide excision (5 
cases, of which one had preliminary deep X-ray therapy), diathermy excision 
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(5 cases, of which one had preliminary deep X-ray therapy) or radiotherapy 
followed by local excision (1 case), but no definite conclusions can be drawn from 
this as in only 2 of these cases has the follow-up period been over 10 years. 

In the remaining case, treated in 1926, adequate details are not available to 
classify the form of treatment. 

Basaliomas.—Of the five patients in this group one received no treatment for 
the tumour in question because of another independent tumour—a squamous cell 
carcinoma—from which he died 3 years later. 

One patient had the tumour widely excised four years ago and is now well and 
apparently free from recurrence. 

The remaining three patients have all had extensive treatment on several 
occasions, with many recurrences. One patient died 5 years after coming under 


EXPLANATION OF PLATES. 


Fic. 1.—Palatal mucous gland tumour of mixed type, showing a well-marked fibrous capsule 
— the growth from a normal palatal gland at the upper left of the figure. 
x 40. 

Fic. 2.—Benign mixed tumour of lip showing an extension of the main growth outside 
the capsule. The plane of sectioning is such that the appearance of a separate nodule is 
given. x 35. 

Fie. 3.—Typical mixed tumour of peritonsillar region, showing cartilage-like areas in the 
stroma. x 100 

Fic. 4.—Hyaline change in the stroma of a mixed tumour of the palate compressing the 
tumour cells. x 135. 

Fic. 5.—Another field from the tumour shown in Fig. 4 to illustrate the solid nature of the 
growth in this area. x 65. 

Fic. 6.—A mixed tumour of the palate showing the formation of duct-like structures. x 35. 

Fic. 7.—Areas of squamous differentiation with cysts filled with keratin in a mixed tumour 
of the palate. x 35. 

Fic. 8.—Mucoepidermoid tumour of the palate. Two fields showing a mucoid cyst and a 
clump of squamous cells. x 120. 

Fic. 9.—Basalioma of floor of mouth. Tumour cells in solid masses, the largest of which shows 
central necrosis. x 55. 

Fie. 10.—Another field from the tumour illustrated in Fig. 9, showing transition from acini 
to strands, x 55. 

Fic. 11.—Basalioma from floor of mouth showing mucoid change in the stroma ; this may be 
sufficiently extensive to lead to confusionn with mixed tumour. x 90 

Fic. 12.—Basalioma of floor of mouth. Mucoid change has led to breaking up of the epithelial 
cell groups. x 110. 

Fic. 13.—Basalioma of antrum showing cribriform pattern. x 50. 

Fic. 14.—Basalioma of nasopharynx. Another example of the cribriform type. x 80. 

Fie. 15.—Another field of the tumour illustrated in Fig. 4 and 5, showing undifferentiated 
growth with invasion of a small vessel. x 55. 

Fic. 16.—Invasion of perineural lymphatics in the neighbourhood of the Gasserian ganglion 
by a basalioma from the nasopharynx. x 30. 

Fic. 17.—Basalioma of palate invading bone. x 30. 

Fic. 18.—A mixed tumour of the palate which had been growing for 30 years. 

Fic. 19.—Large mixed tumour of the palate. Radiograph showing the lower pole of the 
growth resting on the epiglottis. 

Fic. 20.—Specimen removed from the patient whose radiograph is shown in Fig. 19. 

Fic. 21.—Mixed tumour of lip. One of many serial sections which showed that the multiple 
foci of recurrent growth were discrete. Contrast with Fig.2. x 4. 

Fic. 22.—Bisected operation specimen showing a diffusely nodular basalioma in the sub- 

glottic region, 
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observation and had active tumour present at the time of death in spite of local 
excision, subsequent wide excision and two courses of deep X-ray therapy. 
Another patient had a wide excision followed by a course of deep X-ray therapy 
(6000r) but now, 7 years later, has an extensive local recurrence (first noted 2 
years ago) and also multiple pulmonary metastases. The other patient had a 
diathermy excision with a recurrence 3 years later, for which a wide excision was 
done. However, after another 5 years there was further recurrence and this was 
treated by further diathermy excision followed by deep X-ray therapy. Within a 
year there was another recurrence and this was treated by local excision and 
radon seed implantation. Further recurrence has taken place and now, 11 years 
after first coming under observation, she still has active tumour present. 

Carcinoma.—Four patients had their tumours diagnosed as malignant in the 
first biopsy. Of these, two died within a few years with active tumour and two 
are alive and apparently free of tumour after periods of | and 10 years. 

Of the two who have died one was treated by a wide excision and this was 
followed by a further excision when the tumour recurred. He died 3 years after 
coming under observation with tumour still present. The other patient 
was treated initially by teleradium and then by local implantation of radium for 
a recurrence, but he died with metastases within 2 years of starting treatment. 

The two who are still alive have both had recurrences. The first had deep 
X-ray therapy and then wide excision for neoplasm which was still present 9 
months after the radiotherapy. There is no recurrence evident now, but only 
6 months have elapsed since the excision. The other patient had deep X-ray 
therapy and then 2 years later had diathermy excision for a recurrence. He has 
had no further local recurrence but has had a bilateral block dissection of the 
neck for glands which were heavily invaded histologically. He is now well and 
apparently free from tumour 10 years after the initial treatment and 3 years after 
the last block dissection. 

Mucoepidermoid tumours.—There were three enemaien of this type of growth ; 
two are recent, the other has repeatedly recurred over a period of 16 years during 
which time there has been much destruction of bone. 

One of the recent cases, a woman of 46 years, is of interest. The patient 
complained of a swelling on the palate which, being fluctuant on examination, 
was diagnosed as a mucous cyst or abscess. On being opened a thick purulent 
fluid escaped, thus seemingly confirming the clinical diagnosis. Histological 
examination of the “ abscess ’’ wall, however, showed mucoepidermoid tumour. 


Lip and cheek 


There were 11 tumours in this group, 1 in the cheek and the remainder in the 
lip. All 10 of the lip tumours were in the upper lip and none in the lower, which 
seems a remarkable coinciderice. Several of the patients gave long histories of 
the presence of the lump, the longest being 20 years, by which time it was an 
inch and a quarter in diameter. This was the largest inthe group. Histologically 
ten of the tumours were of the benign mixed type and one was a basalioma. 
Most of the tumours were removed in the Casualty Department and it has not 
been possible to trace the patients for news of their further progress. The tissues 
of the lip are soft and it was obvious from the histological sections that most of 
the tumours had been removed with some surrounding tissue ; it is only in firmer 
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sites that there is a temptation to shell them out from the surrounding fibrous 
zone. Recurrent cases of such lip tumours are very rarely encountered but there 
was one in this series. A man had a mucous gland tumour of his lip removed at 
the age of 41. It recurred and was re-excised 5 years later. It recurred again 
and was re-excised 3 years later and again 5 years later when it was described as 
having been widely excised. After another 6 years there was a further recurrence, 
section of which shows the characteristic feature that these recurrences are 
multiple (Fig. 21). Thus this patient with a mixed tumour has had four recur- 
rences in the course of 19 years. 


Tongue 
There were no mixed tumours among the 4 tumours of the tongue. 

Two were diagnosed as of mucous gland origin but highly suggestive of 
malignancy. Both patients were treated by irradiation but died of other causes 
before the outcome could be assessed ; in one at least there seemed to have been 
a favourable response. Two tumours were basaliomas. 

A basalioma of the tongue in a man of 65 is of importance. He complained of 
pain in the right side of the tongue and on examination a hard, ill-defined swelling 
was found in the right side of the posterior third of the tongue, apparently invading 
the adjoining alveolus. There were no glands and the Wassermann reaction was 
negative. On the assumption that this was a squamous cell carcinoma an 
extensive operation was performed, involving removal of the ramus and half an 
inch of the body of the mandible and diathermy excision. The specimen was 
described as a portion of tongue 2 inches in diameter covered with mucous 
membrane, from the centre of which projected a pale, nodular growth 1 inch in 
diameter. On section, the underlying muscle was found to be infiltrated with 
pale growth. This man died 15 years later at the age of 80, of acute bronchitis, 
free from any recurrence of his tumour. 

The other basalioma was treated by teleradium 4 years ago and there is no 
sign of recurrence. 

Peritonsillar region 

There were 4 tumours in the series which arose in the peritonsillar region. 
When studying microscopical sections of tonsils which have been dissected out it 
is not uncommon to see mucous glands in the tissue deep to the main body of the 
tonsil, their ducts either skirting the gland or, rarely, apparently entering it and 
discharging into a crypt. Anatomically, of course, the problem may arise whether 
a given tumour arises in fact from the peritonsillar mucous glands or in the deep 
part of the parotid gland, since tumours in the latter situation sometimes have 
pharyngeal extensions. 

_ Three of the 4 tumours, in women of 35 and 40 and in a man of 53, were of the 
benign mixed type. The fourth was a basalioma. 

The man of 53 with the mixed tumour had had a swelling of the right side of 
his throat for 6 months, for which he had been given a course of X-ray therapy 
with little apparent effect. On examination he was found to have a firm swelling 
the size of a small egg behind the tonsil, which was pushed forward and inwards. 
Biopsy showed this to be a typical mixed tumour and it was excised from inside 
the mouth after removal of the tonsil, being noted as very hard, not very vascular 
and with a good capsule. The histological section showed the tumour to be 
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little affected, apparently, by the previous irradiation (Fig. 2). This patient 
remained well until he died of coronary disease 11 years after the operation. 

The one case of basalioma in this group was a man of 45 who had complained 
of nose bleeding and left earache for a year. A left supratonsillar growth involving 
the soft palate was found. He was treated by deep X-rays and interstitial 
radium, with some reduction in size of the swelling. Two years later it was 
again enlarging and was excised by diathermy. He died a few months later as 
a result of haemorrhage from this site. 


Floor of Mouth 


All 5 tumours occurring in the floor of the mouth were of the basalioma type. 
Two patients have been treated within the last 3 years, one by wide excision and 
the other by teleradium and radium implant, and these two are the only ones 
alive. The remaining three were treated in the first instance by local excision, 
but they all had recurrences. These patients have since died—two from further 
recurrences and one post-operatively after a second and much more radical 
excision. 


Nose and Sinuses 


The 9 tumours of mucous gland origin in the nose and sinuses, 4 mixed tumours 
and 5 basaliomas, were situated as follows: 2 in the ethmoid region, 2 in the 
antrum and 1 each arising from the frontal sinus, floor of nose and inferior 
turbinate. The remaining two were so large that their precise site of origin 
could not be determined. 

One of the mixed tumours was small and was discovered by accident. The 
patient complained of bleeding from the left nostril ; on examination a tumour 
the size of a bean was found growing from the right inferior turbinate. It was 
removed and all should be well. Another mixed tumour, the size of a cherry, 
growing from the floor of the nose was removed surgically, but has recurred four 
years later. A third patient who complained of a stuffy nose on the right side 
was found to have a polypoid, friable mass filling the right nasal cavity; this 
was removed and has not recurred in 15 years. The fourth mixed tumour of 
the nose presented with epistaxis and loss of sight in the left eye. X-ray examina- 
tion showed an extensive tumour with destruction of the ethmoid cell walls and 
of the margins of the left optic foramen. Biopsy showed an extensively pseudo- 
cartilaginous mixed tumour with considerable areas of necrosis. The growth 
was clearly beyond the reach of surgery; the patient was given deep X-ray 
therapy but died from local haemorrhage and infection a few months later. 

The 5 basaliomas have run a more morbid course than the mixed tumours, 
since two of the patients have already died whilst the remaining three have 
recurrences. 

A woman of 58 noticed ‘tears running down her right cheek. Her 
nasolachrymal duct was dilated. Soon afterwarc's a swelling appeared on her 
forehead ; as it enlarged she noticed dimness of vision in one eye with intermittent 
epistaxis. On examination there was a firm, smooth, rubbery swelling of her 
forehead in the midline and an ulcerated swelling also presented in the nose, a 
biopsy of which showed typical basalioma. 

Radiotherapy produced some temporary improvement, but she was dead in 
3 years from the local effects of this invasive tumour of the frontal sinus. 
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A young man of 22, a hospital porter, had noticed left nasal obstruction for a 
year with prominence of the left eye. X-ray examination showed opacity of the 
left antrum with thinning of its walls, and a biopsy proved the antrum to be the 
site of a basaliomatous mucous gland tumour. He had radium treatment 
followed by a palatal antrostomy which revealed very extensive growth. The 
tumour, which was temporarily controlled by the radium treatment, recurred 2 
years later, when he had a course of deep X-ray therapy. This led to considerable 
necrosis of the tumour, so that a large cavity representing antrum, orbit and 
nasal cavity opened on to the front of his face. The eye had ceased to function 
after the initial radium treatment and at this stage necrosed and was lost. A 
year later he had a further recrudescence, again treated by deep X-ray therapy, 
but by now there was direct invasion of the brain by tumour and he died 5 years 
from the onset of his illness. 

The three other cases are still under treatment. A man of 61 noticed pricking 
and numbness of his left cheek 2 years ago, followed by left-sided headaches, 
epistaxis and pain in the left eye with decreasing vision and proptosis. X-ray 
examination showed opacity of ethmoids, antrum and sphenoid on the left with 
erosion of bone, and a biopsy showed basaliomatous mucous gland tumour. He 
had deep X-ray therapy to the extent of 6000r, followed later by exenteration of 
the orbit, ethmoids and sphenoid. Tumour was still present and apparently 
viable in the left sphenoid region but not elsewhere. Now, a year later, there is 
obvious recurrence in the wall of the cavity. 

Another middle-aged man with a tumour of the antrum is of interest in that 
the tumour in his nose has been kept under control by irradiation, though with 
recurrence from time to time, but 3 years ago he was found to have lung 
secondaries. 


Nasopharynx 


There were five women, four of them in their forties, and one man of 37 in 
this group. Histologically 3 of the tumours proved to be of the mixed type and 
3 were basaliomas. 

Three patients with nasopharyngeal tumours of the mixed type all presented 
with obvious swellings, which were removed without great difficulty. The course 
of events in the three patients with basaliomas of the nasopharynx was far different 
and will be illustrated by some notes about one of them. 

A woman of 44 years of age first suffered from severe right-sided headaches in 
1948. A year later she suddenly became deaf in the right ear, and a year after 
this noticed blurring of vision in the right eye. The eye condition was treated 
as glaucoma and was said to be “ not typical”. The next year she began to 
suffer from attacks of epistaxis with pain in the right side of the face, and yet a 
year later was found to have loss of the whole right temporal field which progressed 
to complete blindness. She was referred to a neuro-surgeon who exposed the 
right middle cranial fossa and found “ firm, flat, pink, extradural granular tissue, 
involving the bone. It had destroyed foramina ovale et rotundum and was 
infiltrating the 2nd and 3rd divisions of the trigeminal nerve ” (Fig. 16). The 
mucous gland tumour, of which this was clearly an extension, was identified in 
biopsies from several sites within the nose and an X-ray examination at this time 
showed an opaque antrum with partial destruction of lateral and medial walls, 
opaque posterior ethmoid and some destruction of the medial part of the greater 
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wing of the sphenoid. She then received deep X-ray therapy and after 6000r 
was much improved, though a palatal antrostomy a year later still showed viable 
tumour. After a further course of irradiation her antrum had cleared, hearing 
in the right ear had returned in a distorted form and she gained a stone in weight. 
Now, a year later, there is no obvious recurrence. 


Larynx, Trachea and Bronchi 


Of the 6 tumours in this group, one was situated in the larynx below the cord, 
three were in the trachea and two in the main bronchi. 

Histologically all these tumours were typical basaliomas. These growths in 
the bronchi have been in the past merged into the general heading of bronchial 
adenoma. 

The two patients with bronchial tumours, one man and one woman both in 
their forties, are still alive. The man had suffered attacks of ‘‘ congestion of the 
lungs ” each winter since 1940, and when he attended hospital in 1948 complained 
of increasing dyspnoea between the attacks. Bronchoscopy showed multiple 
polypoid nodules in the trachea and left bronchus. Biopsy showed these to be 
mucous gland tumours and he was treated with deep X-ray therapy followed by 
removal of as much tumour as possible through a bronchoscope. This resulted 
in great improvement in his condition, but when he was bronchoscoped again 2 
years later recurrent tumour was removed, and similarly again 3 years later. 
He is still alive, 6 years after the first treatment, with varying severity of dyspnoea 
and cough. 

The woman with a bronchial basalioma is also still living ; she first complained 
of a troublesome but non-productive cough in 1946. Two years later she was 
bronchoscoped and a tumour in the left main bronchus was partially removed. 
By 1951 she still had a productive cough and dyspnoea. On bronchoscopy there 
was seen a sessile tumour almost occluding the trachea, arising from the left main 
bronchus. She was treated by deep X-ray therapy, 5000r, and her condition 
was much improved. At bronchoscopy afterwards there was an adequate airway. 
A year later, although the notes record her as being very well, there was no air 
entry into the left lung. 

A man of 53 complained of attacks of dyspnoea for which he had been treated 
as an asthmatic for a year. He was found to have a tumour of the trachea for 
which he had more than one course of deep X-ray therapy and radon seed 
implantation, biopsies at intervals showing tumour to be still present. He 
continued with attacks of dyspnoea and was admitted to hospital again 5 years 
after the first diagnosis, the dyspnoea having become urgent. A Souttar’s tube 
was inserted, and tracheotomy performed. He died shortly after of bilateral 
broncho-pneumonia with purulent pleural effusion. A description of the local 
condition at post mortem was as follows: ‘‘ From the 4th to the 12th tracheal 
ring in the left antero-lateral and lateral wall there is a hard, necrotic, malignant 
ulcer. The lumen of the trachea is not obstructed. On section through the 
tracheal wall several rings in the middle of the growth have been destroyed and 
several necrotic rings are protruding into the lumen. The growth has extended 
through the tracheal wall on the left and for most of its length is } to ? inch thick. 
There are no distant metastases.” 

The other two patients, whose tumours were noted as being in the trachea 2 
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inches below the cords, both came to hospital complaining of increasing dyspnoea, 
cough and stridor for a year or so. The woman, who was in her early thirties, 
was bronchoscoped and found to have her trachea almost blocked by growth. 
Biopsy showing this to be a mucous gland tumour, she first had radium on a 
Tudor Edwards applicator for 48 hours, 4500r. A bronchoscopy 2 months later 
showing residual growth, she was treated by deep X-ray therapy. Three months 
later another bronchoscopy showed tumour still present, so early the next year a 
tracheectomy was performed. She died of haemoptysis 2 months later. At post 
mortem the greater part of the trachea was seen to have been replaced by a 
spiral steel tube which was well embedded, but the airways were full of blood 
which appeared to have come from the junction of the lower end of the steel 
spiral to the stump of the trachea, at which site tumour was still present. There 
were no secondaries. 

The man had a very similar story. After attempts at destroying the tumour by 
radiotherapy had failed, a total tracheectomy with plastic reconstruction was 
performed. He died a week after the operation with bilateral bronchopneumonia 
and mediastinal cellulitis, the spiral steel artificial trachea covered by fascia from 
the thigh lying in a long abscess cavity. The lines of junction above and below 
appeared to be intact. Although the trachea had been removed from a point two 
rings above the carina to one ring below the cricoid there was still tumour at the 
lower anastomosis. 

The laryngeal tumour was in a young woman who had complained of a husky 
voice for 6 months with dyspnoea on exertion. On examination the cords were 
normal, but there was a subglottic mass. Direct laryngoscopy showed tumour 
almost encircling the air passage 2 cm. below the vocal cords and extending over 
1} cm. Total laryngectomy was performed (Fig. 22). Histological examination 
showed well differentiated basalioma infiltrating the entire laryngeal wall and 
reaching the external surface of the specimen. 


Lachrymal Gland 


There was only 1 tumour in the series which arose in the lachrymal gland. 
This basalioma was in a man of 34 years, the initial treatment being local excision 
and radium implantation. A recurrence 4 years later was treated by wide 
excision, but a further recurrence occurred the following year. In spite of more 
radium he died 6 years after diagnosis with secondaries in the frontal lobes of his 


brain. 
DISCUSSION AND CONCLUSIONS 


The findings in these 80 cases clearly confirm the suspicion that the 
prognosis in tumours of the minor salivary and the mucous glands is worse than 
in those of the major salivary glands, since at the time of writing half of them had 
already recurred or persisted in spite of treatment, though quite a number have 
been followed for only one or two years as yet. In view of the considerable delay 
in the appearance of the recurrent tumour in some cases this figure of 50 per cent 
is certainly an underestimate. 

It was hoped to decide whether this worse prognosis was due to the anatomical 
sites of the tumours increasing the difficulty of diagnosis and treatment, or to a 
preponderance of more sinister histological types of tumour. It appears that 
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both factors play a part. In the lip, for example, where all but one of the tumours 
were of the mixed type and where surgery is simple, the prognosis is excellent 
whereas with similar tumours in the palate the recurrence rate is higher than in 
tumours of the parotid gland. Of equal or greater importance than anatomical 
site in determining the poor prognosis of this group as a whole is the fact that the 
ominous basaliomas formed 35 per cent of the total as against about 2 per cent of 
all parotid tumours. In the case of the larynx, trachea and bronchi, not only is 
surgical removal much more difficult than in the lip, but all the tumours were of 
the basaliomatous type. It has been stressed that a feature of this type of growth 
is its infiltrative habit, and in all the operation specimens the tumours of the 
larynx or trachea had extended to the outer surface of the tissue removed. Had 
the more circumscribed mixed type of growth been encountered in this situation 
some of the technically successful operations performed might have resulted in 
cure. 
A few general conclusions on the treatment of these growths can be drawn from 
a consideration of this series of cases. Simple enucleation of tumours of the mixed 
type is very likely to be followed by recurrence, though possibly long delayed ; 
they should be excised with a margin of normal tissue. Radiotherapy, where 
employed, appears to have had little or no effect on tumours of the mixed type. 
The basaliomatous growths form a less definite tumour mass and there is nearly 
always microscopic infiltration beyond their macroscopic limits, so that wide 
removal in the first instance appears to hold out the only hope of cure. Once 
recurrence has taken place the chance of reaching beyond the infiltrative margin 
at a second operation appears slender. Earlier writers have been well aware of 
the behaviour of these basaliomatous growths, but in stressing their malignant 
infiltrative properties have not laid sufficient emphasis on the possibility of their 
extirpation by a sufficiently radical operation in the first instance. The 
satisfactory or even dramatic response of these tumours to irradiation has also 
been well recognised in the past, though they have been recorded as almost 
invariably recurring after such treatment. One of the aims of this investigation 
was to see whether modern and improved radiotherapeutic techniques could 
permanently cure these basaliomatous growths. Unfortunately, tumours of this 
type treated in the last year to two have already recurred. Nevertheless, worth 
while palliation can be achieved, and where further surgery is out of the question 
radiotherapy is certainly indicated. The difference in response to irradiation of 
the mixed and basaliomatous types of mucous gland tumour is very real and is 
a strong reason for the histological subdivision of mucous gland tumours. As 
already implied, a number of tumours will be encountered in which examination 
of several areas may be necessary before it becomes apparent into which group 
the tumour should be placed. 

Few cases of frank carcinoma of mucous gland origin have been encountered 
in the series, but in some of them the grade of malignancy has been low and years 
of freedom have followed removal of the primary growth and block dissection of 
invaded glands of the neck. 


SUMMARY 


The clinical course and histological features of 80 tumours of mucous gland 
origin are described. Attention is drawn to the varying incidence of histological 
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types in the different anatomical sites considered, and the results of various 
forms of treatment are compared. 
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Tue employment of tar in dermatology has a long history. According to Hebra 
(1868), Theophrastus, Dioscorides and Pliny advocated its use in the treatment 
of diseases of the skin. For many centuries this treatment fell into disfavour, 
partly on account of the general acceptance of Galen’s “ acrimonia sanguinis ” 
theory of the causation of skin disease which discouraged the use of local applications. 
Hebra gives credit for the re-introduction of tar in dermatology to Bateman and 
Wilkinson in England, to Rayer, Cazenave and others in France, and to Hertwig, 
Krieg, Otto and others in Germany and Austria. Until the second half of the 
nineteenth century only the wood tars were generally available. Contemporary 
text-books give evidence of their increasing popularity and Pix liquida appeared in 
the 1867 edition of the British Pharmacopoeia. After the introduction of coal-tar, 
which was in use for some years before it gained admission to the Pharmacopoeia 
in 1898, it slowly replaced the wood-tars, but these have not been entirely super- 
seded, and both wood- and coal-tars still form an indispensable part of the 
dermatologists’ armamentarium. 

Tars are employed as anti-pruritics and “ reducing agents’. The latter term 
was coined by Unna and has been defined as ‘‘ agents which reduce epithelial 
proliferation, hyperkeratosis and cutaneous infiltrates and normalize faulty 
keratinisation ’’ (Rothman and Shapiro 1949). Tars are of particular value in the 
treatment of eczema, lichenification and psoriasis ; since these conditions may 
persist or may recur at frequent intervals for many years it is not unusual for the 
patient, on medical advice or on his own initiative, to continue for very long 
periods treatment which provides some symptomatic relief. 

The coal-tars are in general more often prescribed than the wood and bituminous 
tars. The official preparations of coal-tar in Britain are: pix carbonis B.P., 
pix carbonis praeparata B.P., liquor picis carbonis B.P. Pix carbonis is crude 
commercial coal-tar, a complex mixture of variable composition, containing 
predominantly the aromatic hydrocarbons, such as benzol, toluol, naphthalene 
and anthracene and phenolic substances such as phenol, cresol and various 
polyhydroxyphenols (Obermeyer and Becker, 1935). By dry distillation four 
fractions can be distinguished ; the light oils (benzol, toluol, xylene and pyridine) 
medium oils (naphtha, heavy benzene, crude phenol and cresols), and heavy oils 
(naphthalene, cresols, quinoline, etc.) and the anthracene oils (flourescent green oil, 
containing acridine and its derivatives). The remainder consists of pitch. Pix 
carbonis praeparata is commercial coal-tar heated at 50° C. for one hour, in which 
process certain of the lighter oil fractions are lost. Liquor picis carbonis is made by 
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macerating prepared coal-tar 20 per cent and quillaia 10 per cent in 90 per cent 
alcohol or industrial spirit for seven days and filtering. 

Oil of cade B.P. is a tar of very variable composition obtained by the distillation 
of the wood, Juniperus oxycedrus. Pix liquida B.P., pine-tar, also a variable 
substance, is obtained by the distillation of the wood of various species of Pinus. 

Our knowledge of the pharmacological effects of tar is unsatisfactory. Acridine 
has a photodyanamic effect and may be partly responsible for the therapeutic 
action of tar in combination with ultra-violet radiation in the treatment of 
psoriasis, but Herrick and Sheard (1928) suggest that a new compound may be 
formed when tar is exposed to light. The keratoplastic and ‘‘ reducing ”’ activity 
of tar appears to be largely confined to the heavy oil fraction and the pitch 
residues, which would explain the relative inefficacy of certain “ purified ” tars 
in some clinical trials. In practice all three coal-tar preparations of the British 
Pharmacopeoia are frequently prescribed in concentrations of 1 to 10 per cent in 
ointment, paste or emulsion bases and liquor picis carbonis is applied as a paint. 
The wood tars are employed in similar concentrations in a variety of bases. Many 
widely used proprietary ointments also contain tar. 

Sternberg (1923) showed that three coal-tar preparations employed in the 
Frankfurt clinic, especially in the treatment of psoriasis, were capable of inducing 
carcinoma formation in mice. The preparations tested were Carboneol, Lithrantol 
and Carboterpin, which consisted of coal-tar in different solvents. After about six 
months painting on alternate days, to a small area of skin in a total of 31 mice, one 
mouse in each of the three groups had developed carcinoma. Berghof (1928) 
confirmed the carcinogenic activity of Carboneol. Berenblum (1948) showed that 
liquor picis carbonis B.P. painted undiluted twice weekly on a small area of skin 
on 12 white mice induced papilloma formation in 50 per cent in 26 weeks. Painting 
was continued for a total of 41 weeks, at the end of which a further mouse had 
developed papillomata. Of the 7 mice with tumours 4 subsequently developed 
locally invasive squamous carcinoma. Examination of liquor picis carbonis by 
fluorescence spectrography revealed a benzpyrene content of 0-02 per cent which 
represents a concentration of 0-1 per cent in the tar itself. Berenblum suggests 
that the benzpyrene alone can account for only a small part of the high carcinogenic 
potency of the preparation. He warns against the potential risk of prolonged tar 
treatment. 

As far as we have been able to discover no similar investigations have been 
made into the carcinogenic activity of medicinal preparations of Pix liquida and 
oil of cade. 

Despite the potency of medicinal coal-tar as a carcinogen under experimental 
conditions, there are few published examples of carcinoma apparently induced by 
clinical use of any tar preparation. Veiel (1924) reported the case of a man aged 
68, who had suffered from eczema of the scrotum for 23 years. During this period 
he had applied at intervals a 33-3 per cent alcoholic solution of pine tar. It had 
not been used continuously, but had been applied nightly for two periods of over 
a year and during many shorter periods. He ultimately developed numerous 
papules, one of which became malignant. De Jong, Meyer and Martineau (1924) 
observed a man aged 85 with a grossly lichenified chronic eczema of the leg on 
which he developed a squamous carcinoma after painting it continously for 8 
years with a solution of coal-tar. The details of Kovtounovitch’s (1927) case are 
uncertain as the original article could not be consulted. A woman aged 40 
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developed a malignant ulcer of the lower abdominal wall after one year’s applica- 
tion of tar ointment, which the author believed to be its cause. Many small 
growths of the skin were present on the breasts and abdominal wall and their 
nature is not described in the published abstract, nor is the possible role of arsenic 
excluded. Hodgson (1948) reported the case of a man aged 62 with chronic 
pruritus ani, who had applied for 6? years a 3-5 per cent solution of liquor picis 
carbonis. Near the anus was a typical tar wart; on the scrotal raphe was a 
squamous epithelioma. Alexander and Macrossen (1954) described the develop- 
ment, in a man aged 31, of a squamous epithelioma on a patch of psoriasis over 
the head of the right fibula after the application for 3 months of an ointment 
containing 20 per cent crude coal-tar in an emulsion base. 


Case History 


J.C—, a man aged 60, has been a road-worker for 25 years : he has occasionally 
been present at tar-laying operations, but neither his clothes nor his person have 
been contaminated with tar. His health has always been good, apart from 
pneumonia at the age of 59. 

In 1921, at the age of 26, he developed, shortly after a right inguinal hernior- 
rhapy, the irritable eruption in the groins which has been present ever since, and 
which later extended to the pubes and the inner thighs. Apart from a brief 
period in 1923 he did not consult a doctor for 27 years, but treated himself with 
various ointments, which he obtained from the chemist. The composition of the 
ointments is not known, but many contained tar, which the patient recognized 
by the odour. In 1948 he at last sought the advice of his doctor who prescribed a 
paste containing pix carbonis praeparata 3 per cent, which he continued to apply 
for 5 years. For the last 18 months before attending for examination in August, 
1954, he used a proprietary ointment containing 2-2 per cent oil of cade. Over the 
whole period of 34 years he used at least one ounce of ointment or paste every 
fortnight. 

In May, 1953, a “‘ spot ’’ appeared on the front of the left thigh. It enlarged 
steadily, ulcerated, and was occasionally painful. 

Examination 26. viii .1954.—The patient is a lean, slightly built man of dark 
complexion. He has the tanned skin of the outdoor worker, but the face, hands 
and arms show no irregular pigmentation and no keratoses. The skin of the pubes, 
inguinal flexures and upper and inner thighs is grossly lichenified; patches of 
hyperpigmentation and leucoderma dapple the rough and thickened area. On 
the lichenified skin of the upper part of the left thigh are two indurated foul- 
smelling fungating ulcers ; the upper measures 2 x 2 cm. and the lower 5 x 4 cm. 
There are small shotty lymphatic glands in the left groin. No abnormality: is 
discovered on general physical examination. 


Treatment 

Between 13.ix.1954 and 16.ix.1954 X-ray therapy was given (1850r in 4 
daily doses). The larger lesion regressed to a diameter of 2-5 cm. and became dry and 
warty (Fig. 1 and 2), but the smaller remained as an indolent ulcer. On 10. xi. 1954 
a wide excision (13 x 8 em.) of the skin surrounding the tumours was carried out 
by Mr. Louis Rouillard together with a block dissection of the left inguinal glands. 
A Thiersch graft from the right thigh was sewn over the raw area. The grafted 
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area healed soundly and has remained healed. There is no clinical evidence of 
recurrence (November, 1955) and slight oedema of the left lower leg is readily 
controlled with an elastic bandage. 


Pathology 


The specimen consists of a roughly oval piece of skin (13 x 7-5 cm.) with 
underlying and adjacent fatty tissue (U.T. 30 cm. thick). The surface is smooth 
and grey white apart from two abnormal areas. One of these; near the centre 
of the specimen, shows a raised nodule (1-5 cm. diameter) the surface of which is 
covered with delicate branching papillae. Situated about 1 cm. lateral to this 
nodule is a slightly depressed area of the skin (2 x 2 cm.) the surface of which is 
coarsely nodular. Seven lymph nodes are found in the subcutaneous fat. 


Microscopic findings 

A section of the papilliferous nodule shows a well differentiated keratinising 
squamous cell carcinoma penetrating the underlying corium (Fig. 3), the appear- 
ances being similar to those of the biopsy taken previously. In addition, however, 
all sections taken from various parts of the specimen are abnormal, the most 
conspicuous change being in the corium, which shows a chronic inflammatory 
cellular infiltrate in its upper third consisting mainly of plasma cells, some lympho- 
cytes and eosinophil polymorphonuclear leucocytes and occasional histiocytes. 
The infiltrate is not closely applied to the dermoepidermal junction nor is it 
especially related to hair follicles. Occasional lymphocytes are seen in the 
epidermis the cells of which show, in these areas, a slight degree of spongiosis and 
occasional individual cell dyskeratosis. In addition the epidermis shows, in places, 
acanthosis and hyperkeratosis of moderate degree, in others papillae composed 
mainly of keratin, as seen over the squamous carcinoma; near the carcinoma 
are areas of pseudoepitheliomatous hyperplasia. 

Scattered throughout the dermal infiltrate are small groups of giant cells of 
foreign body type; in relation to these are rounded eosinophilic bodies (Fig. 4). 
These are larger than Russell bodies and, unlike them, do not contain indole when 
treated with p. dimethylamino benzaldehyde. They are not doubly refractile ; 
neither the section nor the block shows fluorescence in ultra violet light and it 
seems unlikely that these bodies are related to the carcinogenic fraction of coal-tar. 
The periodic acid-Schiff reaction shows these bodies to be strongly positive and an 
attempt was made further to determine their nature by the methylene blue 
extinction test. They stain blue at pH 3-62 and treatment of the section with 
hyaluronidase at 37° C. for 30 minutes removes this property. It is concluded that 
the bodies are acid mucopolysaccharide in nature ; probably hyaluronic acid. No 
growth is found in the inguinal lymph nodes. 


EXPLANATION OF PLATE. 
Fic. 1.—Photograph taken November, 1954 (after X-ray therapy), to show the extent of the 
lichenification and the sites of the two tumours on the left thigh. 
Fic. 2.—Enlargement of Fig. 1 to show the tumours. 
Fie. 3.—Section of papilliferous nodule showing squamous carcinoma. H.&E. x 40. 
Fic. 4.—Eosinophilic bodies in the corium. H.& E. x 200. 
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DISCUSSION 


The patient had been employed for many years on road maintenance work. He 
had, however, only on rare occasions, and for short periods, been engaged in tar 
spraying ; and the exposed skin surfaces showed no irregular pigmentary changes, 
clinical atrophy or keratoses. Since, moreover, occupational tar epitheliomata are 
virtually confined to the exposed skin, and sunlight is probably a contributory 
factor in their induction, occupational exposure to tar was almost certainly not 
a factor in this case. 

Squamous carcinoma of the thigh is uncommon and only 18 of 511 squamous 
carcinomata of the extremities in a Mayo Clinic series (Browne, Coventry and 
McDonald, 1953) were in this site. The observations of these authors fully support 
the statement of Ackerman and Regato (1954) that few epidermoid carcinomata 
of non-exposed sites arise from apparently normal skin. The possible role of the 
long-standing lichenification in this case, therefore, requires consideration. 
Lichenification is a response of the skin to prolonged and repeated rubbing or 
scratching, and is of extremely common occurrence. Poth (1954) reported very 
briefly the case of a man aged 74 who developed a squamous carcinoma on a 
patch of eczema, of 27 year’s duration, behind the left knee. The author gives no 
information about any treatment with tar or radiotherapy which the patient may 
have received and, although he postulates a casual relationship between the eczema 
and the carcinoma, this cannot be accepted without further information concerning 
these other possible factors. Eller and Anderson (1930) in an extensive review of 
the literature listed twenty skin conditions which may be precursors of cancer, 
but did not include eczema or lichenification, nor was any such case included in a 
survey of cancer in chronic inflammatory conditions of the skin by Nilssen (1941). 
The opinion of Hazen, quoted with approval by Eller and Anderson (1930), that 
in the few such reports in the older literature either arsenic or X-ray therapy 
could be incriminated is generally accepted. Our patient had not received X-ray 
therapy; nor is there any history of the administration of arsenic. 

The role of repeated trauma is difficult to assess. Trauma is an acknowledged 
carcinogenic factor, but it is also the essential factor in the production of lichenifi- 
cation, the dubious status of which as a precancerous lesion has already been 
discussed. While the significance of the trauma of scratching in this case remains 
uncertain and cannot be dismissed entirely, the probability that the prolonged 
application of tar was at least a contributory factor in the induction of malignant 
change is high. 

The histological findings are of some interest. Squamous carcinoma arising in 
or near a papilloma in the skin of tarred experimental animals is well known. 
Changes in the corium appear to be variable ; Woglom (1926) gives a compre- 
hensive review of the subject. In this case two histological problems arose ; the 
nature of the initial dermatosis and the significance of the dermal eosinophilic 
hodies. 

The abundance of plasma cells in the corium together with areas of spongiosis, 
hyperkeratosis and acanthosis of the epidermis are in places reminiscent of senile 
keratosis and are, perhaps, the result of radiotherapy, but no evidence remains to 
suggest the nature of the original lesion. 

Eosinophilic bodies in the corium have been previously reported in poikiolo- 
derma (Stoughton and Wells, 1950) but not in squamous carcinoma. Sections of 
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tar cancer in mice showed no such bodies and Peyton Rous (personal communica- 
tion) considered them to be unusual in experimental tar cancer. The histochemical 
reactions suggested that they may be derived from the ground substance of 
connective tissue. 


CONCLUSIONS 


If Kovtounovitch’s (1927) case be excluded there remain only five cases, 
including our own, in which the therapeutic application of tar may possibly have 
induced malignant change. In 3 cases coal-tar had been applied for 3 months, 
6} years and 8 years. In one case pine-tar had been applied for 23 years and in the 
present case coal-tar had been applied for the greater part of 34 years, but oil of 
cade had been substituted during the last 1} years. All patients were men and, 
with the exception of Alexander and Macrossen’s (1954) patient, all were aged 60 
or over. Although, in all 5 cases, tar had apparently played at least a contributory 
carcinogenic role, in no case could the possible significance of repeated trauma and 
and chronic inflammatory changes be completely excluded. 

In contrast to the relatively common occupational tar cancer, carcinoma 
induced by the therapeutic application of tar is of the greatest rarity. It is not 
possible to estimate, with any degree of accuracy, the frequency with which tar 
preparations are applied for very long periods of time, but hospital out-patient 
experience suggests that such cases are not very uncommon. It is possible that the 
activity of the carcinogenic factors in medicinal tar is influenced by the base in 
which it is prescribed. The experimental workers all employed solutions of tar. 
In 3 of the 5 cases under discussion the tar had been applied as a paint in the form 
of a solution, and in Alexander and Macrossen’s (1954) patient the tar was in an 
emulsion base. The great majority of patients make use of tar in ointment or 
paste bases. The wide divergence between the considerable carcinogenic potency 
of certain tars in experimental studies, and the rarity of clinical evidence of 
carcinogenic activity, becomes comprehensible if this activity is reduced by the 
bases most commonly employed. The activity of many substances has been 
shown to be reduced by their incorporation in paste and ointment bases, which 
are not miscible with water. 

This hypothesis would appear to fit the available facts, but must await experi- 
mental proof. Meanwhile the possibly greater carcinogenic risk involved in the 
prolonged application of tar as a paint in aqueous or alcoholic solution, or in the 
increasingly popular water-miscible emulsion bases, should be seriously considered 
when tar is prescribed in chronic dermatoses. 


SUMMARY 


The use of local applications of tar in the treatment of skin disorders is described 
and an account is given of the composition and therapeutic indications of the 
Official preparations of tar most commonly prescribed in Britain. 

The experimental evidence for the carcinogenic potency of certain of these 
preparations is reviewed. 

The cases reported in which the medicinal use of tar may have induced carci- 
noma formation have been collected from the literature. 

In an additional case, which is reported in detail, unusual histological features 
were present. 
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It is suggested that the great rarity of medicinal tar cancer may be result of 
the relative inactivity of the carcinogenic factors when tar is incorporated in the 
paste and ointment bases, which have until recently been the favoured vehincles. 

The prolonged application of tar in aqueous or alcoholic solution or in water- 
miscible bases may involve a greater carcinogenic risk. 
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VACUOLATED CELLS IN THE SPUTUM SIMULATING 
ADENOCARCINOMA CELLS 
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Received for publication January 5, 1956 


Ciumps of vacuolated cells occasionally present a problem when sputum is 
examined for carcinoma cells. Fragments of tissue containing vacuolated cells 
are frequently seen in carcinoma, and have been described by a number of workers 
(Dudgeon and Wrigley, 1935; Wandall, 1944; Bamforth, 1946; Philps, 1954a), 
and though the cells composing the clump usually show other characteristics of 
malignancy, there are occasions when clumps of vacuolated cells of relatively 
normal appearance are exfoliated into the sputum from carcinomata (Philps, 
1954). 

Until 1954 I myself did not see such a fragment except in carcinoma, and it is 
only during the past year that they have been seen in two patients with no evidence 
of malignancy. A lung biopsy was performed on one of these two patients, and 
the source of the cells in the bronchiolar lining was clearly demonstrated. The 
case is therefore published, as the appearance may lead to a false diagnosis of 
carcinoma, 

The patient, a Nigerian, had suffered from asthma as long as he could remember 
and had recently developed a pain in the right side of the chest. Specimens of 
sputum were sent for examination, one of which contained the clump of vacuolated 
cells seen in Fig. 1. This was thought to be due to carcinoma. Bronchoscopy 
revealed no abnormality, but the radiological evidence suggested a peripheral 
carcinoma in the right lung and thoracotomy was performed. The lung was 
indurated and a biopsy was taken. This was reported (Mr. D. B. Griffiiths) as 
follows : 

‘“* Section shows chronic interstitial fibrosing pneumonia and collapse, with 
lipoid filled macrophages. There is a mild degree of bronchiolectasis and bronchiol- 
itis. The lymph nodes show reactive hyperplasia and sinus catarrh. There is no 
evidence of malignancy.” 

Part of the section is shown in Fig. 2. 

Many of the cells comprising the bronchiolar lining showed vacuolation, and 
it is practically certain that the fragment in the sputum originated from this 


EXPLANATION OF PLATES 


Fic. 1.—A fragment of tissue composed in part of vacuolated cells seen in the sputum. 
This was thought due to adenocarcinoma. x 400. 

Fic. 2.—A section of the lung biopsy from the same patient. Vacuolation of the ceils in the 
bronchiolar lining is evident. It is thought probable that the fragment shown in Fig. | 
originated from epithelium of this type. » 250. 
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tissue. On re-examination of the original smear, a single ciliated cell was found 
among those forming one of the clumps—an appearance which demonstrated the 
non-malignant nature of that particular clump (Philps, 1954c). This further 
illustrates the value of looking carefully for cilia before deciding that a clump of 
cells in the sputum is carcinomatous, and it is now my practice to examine with 
the 1/12 in. objective all cells which are suggestive of adenocarcinoma. 


SUMMARY 
A case is described in which fragments of tissue composed of vacuolated cells 
were found in the sputum. These were thought due to carcinoma. Lung biopsy 
showed no evidence of new growth and demonstrated that the clumps of cells 
had originated in the bronchiolar lining. 


I am indebted to Miss Doreen Nightingale for permission to publish this case, 
and to Mr. A. Bligh for the photographs. 
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SOME BIOLOGICAL AND CLINICAL RESULTS FROM THE 
INVESTIGATIONS OF THE CHLOROETHYLAMINES 
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A stupy of and search for anti-tumour drugs among halogenoalkylamines 
started at the beginning of 1947 in the laboratory of Experimental Therapy of 
Cancer and in the clinic of the Institute of Oncology, Academy of Medical Sciences, 
U.S.S.R., in Leningrad, together with Professor V. G. Nemetz (Professor of Chemis- 
try at the Technological Institute in Leningrad). Experimental and clinical 
investigations were carried on simultaneously with di-(2-chloroethyl) methylamine 
which we named Embichin. 

The experimental study of Zhdanov (1953) on rabbits showed that the effect 
of Embichin upon the blood system depended to a great extent on the intervals 
between the injections of this substance (Fig. 1 and 2). On the basis of these data 
a new method of therapeutic use of Embichin was worked out by me, together with 
the doctors of the clinic (Larionov, 1951) which differed from the one proposed by 
the American authors. (Jacobson et al., 1946). 

Instead of 4 to 5 daily injections of doses of 0-1 mg. per kg. body-weight, we 
made from 10 to 20 injections at a dose of 5 to 6 mg. three times a week. This 
prolonged method achieves the same therapeutic effect, whilst to a certain extent 
sparing the haemopoietic system and its reaction to the drug. 

The essential criterion for the determination of the number of injections for the 
individual patient was the white cell count. We stopped the injections of Embichin 
in Hodgkin’s disease when the number of leucocytes had fallen to 2500-3000. 
Under these conditions the maximum therapeutic effect is attained and the ability 
of the haemopoietic system to recover its normal function is maintained for 3 to 
4 weeks. 

This method of treatment of Hodgkin’s disease and leukemia with Embichin 
has been widely used since 1949 in the medical institutions of the U.S.S.R. Our 
experience is that this method makes it possible to get immediate and long-lasting 
results in the treatment of Hodgkin’s disease in the relatively early stages, which 
are definitely no worse than those achieved by X-ray therapy. We consider it 
valuable to apply chloroethylamine therapy to patients in the early stages of the 
disease who have had no previous treatment, as well as to patients with advanced 
Hodgkin’s disease for whom X-ray therapy is not longer applicable. 


* Based on a lecture given at the Chester Beatty Research Institute on November 3, 1955. 


os 
26 
. 
a 
= 
re 
4 
> 


CHLOROETHYLAMINES AS ANTI-TUMOUR DRUGS 


Fie. 1.—The action of Embichin on the composition of leucocytes in the blood of rabbits 
receiving daily injections in doses of 0-5 mg./kg. 
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Fie. 2.—The action of Embichin with injections in similar doses, 
but at 48-hourly intervals. 
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The best results are obtained by means of a rational combination of chemo- 
therapy and X-ray therapy. We begin the treatment with chemotherapy and then, 
if necessary, follow it up with X-ray therapy alone, in those cases where the nodules 
have not completely regressed. 

Along with this work we conducted a study of a series of homologues and 
analogues of Embichin with the aim of finding those compounds which would be 
the best tolerated and have least depressive action upon bone-marrow haemopoiesis. 
At first the compounds in which two valencies of nitrogen were occupied by two 
chloroethyl groups and the third by ethyl, isopropyl, butyl or 2-chloropropy! were 
synthesised and studied. (The last compound was designated as Embichin No. 7.) 
2-Chloroethyl-2-chloropropylmethylamine (designated as Embichin No. 11) and 
the di- and tri-2-chloropropylamines were also studied. 

It became clear that among these compounds, Embichin No. 7 (at first studied 
experimentally by S. A. Papojan) and Embichin No. 11 (studied by G. L. Zhdanov, 
Z. P. Sofyina and SH. M. Timerbulatova) were the more effective. 

Embichin No. 7, i.e. 2-chloropropyl-di(2-chloroethyl)amine hydrochloride 
subsequently found practical application. Its action on the animal and human 
bone marrow is not so severe as on the lymphoid organs. It is much better 
tolerated by the patients (especially when dissolved in Ringer’s solution) possessing 
a less pronounced side effect upon the gastro-intestinal tract than Embichin. 

This new drug, called Novoembichin, has been used in the medical institutions 
in the U.S.S.R. since 1952, to whom it is supplied by the chemopharmaceutical 
industry. Clinically, Novoembichin has replaced Embichin since it possessed all 
the therapeutic properties of Embichin, whilst exerting milder effect upon the 
bone marrow and very seldom causing vomiting in patients. 

The single dose of Novoembichin is higher than thatof Embichin. For Hodgkin’s 
disease it is from 9 to 10 mg. for adults: for lymphatic leukemia it is 8 mg., for 
myelogenous leukemia it is 10 mg. The method of application is the same as that 
of Embichin, the drug being injected intravenously in 20 ml. of Ringer’s solution 
three times a week. The total course is from 8 to 16 injections. 

The need for a therapeutic drug possessing the same activity as Embichin, 
yet which could be used orally, led us to study the compounds of the aromatic 
series which are practically insoluble in water. The British investigators Haddow, 
Kon and Ross (1948) independently followed a similar path. However, we selected 
the derivative of aniline rather than of naphthylamine. This drug, i.e. N : N-di- 
(2-chloroethyl) aniline hydrochloride, called Lymphochin, has been studied in 
detail by animal experiments in the laboratory of the Department of Experimental 
Chemotherapy of the Institute of Experimental Pathology and Therapy of Cancer, 
Academy of Medical Sciences, U.S.S.R. (Moscow), by my co-workers A. Y. 
Krashilina and V. P. Konoplev. We have also studied the corresponding bromo- 
derivative (I. G. Spasskaya). 

These compounds when administered orally in daily doses of 5 mg./kg. produced 
changes in the haemopoietic system of rabbits without injuring the mucous 
membrane of the gastro-intestinal tract. These changes closely resembled those 
caused by Novoembichin, but the effect upon the lymphatic system was greater. 
The crossing of the curves of leucocytes in the blood—the decrease in the number 
of leucocytes and the increase of pseudoeosinophiles (in absolute figures)—was 
observed in some animals (Fig. 3). Lymphochin used at the same dose level did 
not exert any harmful effect upon the renal function (E. A. Eard). 
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These findings enabled us to proceed with the clinical investigations of Lympho- 
chin in the treatment of Hodgkin’s disease, which was carried out by G. V. Kruglova 
in the clinic of the same Institute. 

It became evident that when administered orally in daily doses of 0-4 g., 
Lymphochin seldom caused vomiting or nausea in patients and some tolerated it 
well. According to our findings, as distinct from those of the British investigators 
(Haddow, Kon and Ross, 1948), Lymphochin in the doses mentioned above did 
not induce a marked depression of the bone marrow. Nevertheless, its effect in 
Hodgkin’s disease appeared to be less than that of Embichin and Novoembichin, 
and its clinical application was dropped, in favour of new drugs which were then 
being produced. 


Fig. 3.—The action of Lymphochin on the composition of leucocytes in the 
blood of rabbits receiving intermittent doses of 5 mg./kg. 


The above mentioned drugs are used exclusively for the treatment of diseases 
of the haemopoietic system, such as Hodgkin’s disease, chronic leukemia, poly- 
cythemia and also for some malignant tumours of lymphoid organs, particularly 
|ymphosarcomas and undifferentiated tumours of the lymphatic apparatus of the 
throat. The successful treatment of the latter condition was carried out by 
Professor N. A. Karpov and J. N. Smirnova in Leningrad. 

The palliative effect of treating bronchogenic carcinoma patients with Embichin 
was reported in the literature (Boyland, Clegg, Koller, Rhoden and Warwick, 
1948). We also observed it but in our opinion it is of no great practical significance. 
We have found that the use of Embichin or Novoembichin leads to the regression 
of breast cancer metastases in cervical and axillary lymphatic nodules (Larionov, 
\\holdin and Litvinova, 1953). We followed up a few patients for three years after 
such treatment and they had no relapses whatsoever. In one patient the regression 
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of a metastasis in the sternum took place. However, the virtual ineffectiveness 
of the chloroethylamines towards typical malignant tumours made us search for 
ways of increasing their effectiveness. 

With this aim in view a great deal of work on the synthesis and investigation of 
new derivatives of 2-chloroethylamines was carried out under my direction in the 
Department of Experimental Chemotherapy, Institute of Experimental Pathology 
and Therapy of Cancer, (Director Prof. N. N. Blokhin), Academy of Medical 
Sciences, Moscow, U.S.S.R. 

The principle of this work was to attempt to increase the anti-tumour properties 
of the chloroethylamines by adding them as active chemical groups to biologically 
significant compounds or their components. 

From a consideration, particularly of the intensive synthesis of protein and 
nucleic acid in tumours and also their intensive tissue metabolism in general, 
some essential aminoacids, especially phenylalanine, were chosen as such biologically 
significant compounds. Since heterocycles are the constituents of nucleic acids, 
of some coferments and vitamins, compounds such as pyrimidine, purine, pyridine, 
thiazole, benzimidazole, were also selected for preparation of the 2-chloroethy]l- 
amino derivatives. It was assumed that amino acids and possibly the natural 
heterocycles might serve as ‘“‘ conductors ” assisting the transport of chloroethyl- 
amine groups into tumour tissues. Another possibility not to be excluded was that 
the 2-chloroethylamino-derivatives of the natural compounds might to some 
extent play the role of antimetabolites in the intensive protein and nucleic acid 
metabolism of tumour tissues. The synthesis of the chloroethylamino-derivative 
of pyridoxine was achieved by Stock and his collaborators (Stock et al. 1951), 
but clinical trials were stopped because of the depressant action this drug had on 
haemopoiesis. 

The study of the activity of thedi(2-chloroethyl)amino-derivatives of pyrimidine, 
pyridine, thiazole, benzimidazole and phenylalanine showed that they actually 
possessed greater anti-tumour activity than Embichin. Different susbtances were 
tested against sarcoma 45 and M-1 of rats and against a number of transplantable 
mouse tumours. The aim of these tests was to establish the comparative efficiency 
of these drugs. 

Whilst the inhibition of Sarcoma 45 by Embichin never exceeded 20 per cent, 
the inhibition caused by the chloroethylamino-derivatives of the above mentioned 
heterocycles and amino acids was from 60 to 100 per cent, and even more striking. 
these drugs caused the regression of some or all tumours. It should be noted that 
the administering of the drugs began when the tumours had already developed 
and could be measured and weighed. 

The comparative studies showed that 2,6-dihydroxy-4-methyl-5-di-(2-chloro- 
ethyl)aminopyrimidine (the drug called Dopan), synthesized by V. G. Nemetz 
and investigated by our assistant G. N. Platonova had the strongest anti-tumour 
action out of all the investigated heterocyclic derivatives. The drug does not 
dissolve well in water and is administered orally. 

In daily therapeutic doses of 0-3 mg./kg. Dopan causes the gradual regression 
of tumours (Sarcoma 45) weighing 1-4 g. (i.e. from 1 to 4 per cent of the body 
weight) in from 90 to 100 per cent of rats (Fig. 4, 5, 6). 

Dopan has a strong anti-tumour action and at the same time depresses haemo- 
poiesis, especially in the bone marrow. Thus, the administration of the drug to 
rabbits in daily doses of 0-3 mg./kg. decreases the number of leucocytes in the 
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blood by the seventh or eighth day to 3-4000/c.mm.; this decrease takes place 
chiefly because of the fall in pseudoeosinophiles. 

The clinical trials of Dopan carried out recently at the Institute have already 
shown that the drug has a marked therapeutic effect in Hodgkin’s disease, myelo- 
genic leukemia and reticulo-sarcoma. The drug is administered orally in a dose of 
8 to 10 mg. twice weekly. It has almost no side effects upon the gastro-intestinal 
tract. Its action upon haemopoiesis closely resembles that of Embichin. 

We have already reported the biological studies of sarcolysine, pL-p-di(2- 
chloroethyl)aminophenylalanine, (Larionov ef al., 1955). This drug which was 
synthesised independently by Bergel and Stock (1954) and studied experimentally 
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Fie. 4—Curve showing changes in the average diameter of tumours (sarcoma 45) treated with 
Dopan. C, curve of control rat tumour. Lower curves show experiments with treatment 
beginning on the 7th and 12th days after transplantation. 0-2 g. and 4 g. are the corres- 
ponding mean weights of the tumours at these times. 


by Haddow, has now had about a year’s clinical trial in the clinic of the Institute by 
L. I. Chebotareva under the direction of Professor N. N. Blokhin (with my partici- 
pation). It appeared that some human malignant tumours were very sensitive to 
sarcolysine. They are: undifferentiated tumours of testes (seminomas), reticulo- 
sarcomas, angioendotheliomas and Ewing’s tumour. Sarcolysine did not show any 
effect upon bone sarcomas, fusiform-cell and polymorphic-cell sarcomas of soft 
tissues. 

The drug was injected intravenously in saline solution in doses of from 50 to 
25 mg. once weekly in total of from 4 to 6 times under blood count control. The 
drug is also effective when administered orally in tablets. The metastases of 
seminomas into retroperitoneal and peripheral lymph nodes even of large size 
regressed after 3 to 5 injections of sarcolysine. Two patients (one with cured 
metastasis of seminomas on the neck and one with retroperitoneal lymph nodules) 
were followed up by us for 11 and 8 months respectively and have had no relapse. 
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With incomplete regression, especially in reticulosarcoma, relapses were observed. 
With correct dosage the depression of haemopoiesis is moderate and normal blood 
content is re-established in from 3 to 4 weeks. With the dosage higher than 
optimal some patients showed a sharp depression of haemopoiesis down to agranu- 
locytosis accompanied by high fever. Clinical studies are still under way. 

Thus, systematic work on synthesis and application of chloroethylamine 
derivatives of natural heterocycles and amino acids has led to the creation of new 
therapeutic drugs of anti-tumour action. It is probable that further investigations 
in this field can lead to further successes. 
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EXPLANATION OF PLATE. 


Fie. 5.—Section of the untreated rat sarcoma 45. Haemotoxylin and eosin. x 155. 

Fic. 6.—Section through the small nodule remaining after regression of the tumour following 
the use of Dopan. The few sarcoma cells are evidently the tumour stroma. Haemotoxylin 
and eosin. x 155. 
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Forty-FIVE years ago Rous showed that the transmissible spindle cell sarcoma 
of fowl which he had previously described (Rous, 1910) contained a filterable 
component separable from its cells and capable of infecting normal cells and 
making them malignant (Rous, 1911). The particulate nature of this component 
was demonstrated by high speed centrifugation studies 25 years later (Ledingham 
and Gye, 1935; McIntosh, 1935; Amies, 1937) and the same procedure was 
also used to estimate the size of the particles at about 70 my. diameter (Andrewes, 
1936 ; McIntosh and Selbie, 1937 ; Claude, 1937). This figure agreed well with 
that obtained in filtration experiments using collodion membranes of graded 
pore size (Elford and Andrewes, 1935). 

With the first demonstration of the power of cell-free transmission of the 
Rous sarcoma this tumour (and the many similar malignant connective tissue 
tumours of fowl subsequently described) assumed great importance in the experi- 
mental pathology of cancer. The later finding that the agent responsible for 
cell-free transmission was a formed particle with many of the attributes of a 
virus, widened the field in which the Rous tumour and its agent were of interest. 

Yet, in the last 12 years or so in which the general availability of the electron 
microscope has made it possible to examine objects of the same order of size as 
that established for the Rous virus by the indirect physical means described above, 
there have only been three reported attempts to investigate its morphology. 

In the earliest work of this kind Claude and Porter examined whole Rous 
cells prepared for electron microscopy by their tissue culture technique (Porter, 
Claude and Fullam, 1945) and were able to show virus-like electron dense particles 
of about 75 my. diameter scattered in the cytoplasm of some of the cells (Claude, 
Porter and Pickels, 1946, 1947; Claude, 1947-48). They gave no indication, 
however, of the frequency with which the particles were encountered, but, on the 
other hand, emphasised that with the method used the spread cultured cells 
tended to remain too thick in the central part for proper examination and the 
particles, in order to be seen, had to be found in the thinnest peripheral regions. 

Using the method of Claude and Porter, Bernhard, Oberling and their 
collaborators were at first unable to confirm the presence of virus-like particles 
in cultured Rous cells (Oberling, Bernhard, Guérin and Harel, 1950), but it 
should be noted that, unlike Claude and Porter, they omitted to use in their 
cultures plasma from fowl known to be free from Rous antibodies ; their final 
failure was reported at the end of five years’ effort (Bernhard and Oberling, 1953). 
Shortly after this, however, the French workers described experiments in which 
virus-like particles were found with the electron microscope in Rous cells grown 
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in vitro (Bernhard, Dontcheff, Oberling and Vigier, 1953; Oberling, Bernhard, 
Dontcheff and Vigier, 1954). Test cultures were subjected to direct X-irradiation 
or were grown in media containing alcohol incorporating C™ and 25 cells out of 
6600 examined (0-38 per cent) were found to contain particles of the appropriate 
size ; in the unirradiated control cultures 5 cells out of 3800 examined (0-13 per 
cent) contained similar particles. Two points are made clear in the regorts of 
the work (Bernhard, Dontcheff, Oberling and Vigier, 1953 ; Oberling, Bernhard, 
Dontcheff and Vigier, 1954), firstly, that the plasma used in this new series of 
cultures was taken from young chickens to avoid the presence of Rous antibodies 
and secondly, that the virus-like particles were found in disintegrating cells or 
in cell débris. 

Finally, Gaylord (1955) has made an electron microscope study of ultra-thin 
sections of three Rous tumours and has described particles in a predominantly 
extracellular situation, many in sections from one tumour, very few in those from 
a second tumour, and none in sections from a third. 

Now it is important to note that in all the work just mentioned the material 
examined morphologically was never studied biologically in parallel with a view to 
correlating tumour-producing activity with the presence or absence of particles. 
Of course, in the tissue culture experiments explants were made from tumours 
known to have a high biological activity (Claude, Porter and Pickels, 1947 ; 
Oberling, Bernhard, Dontcheff and Vigier, 1954), but samples of the actual cells 
examined at the end of the period of culture were not tested for this. Indeed it is 
hard to see how, technically, this could have been accomplished, but even in the 
case of Gaylord’s (1955) study of thin sections of solid tumours no biological 
control was attempted. 

Certain virus-like particles in normal chick embryo tissue culture cells have 
been mentioned in passing in several reports (Gey and Bang, 1951; Bang, 1952 ; 
Gey, Bang and Gey, 1954); the particles had a diameter of 70 my., were said to 
occur in distintegrating cells and to have been present in 10 per cent of cultures 
studied over a period of three years. In the only two micrographs published to 
date no recognisable cell structure is included in the field. Although this certainly 
might be an instance of a naturally-occurring virus being present in normal cells, 
the further claim which Bang (1954) has made on purely morphological grounds 
that this may well be the Rous virus despite its occurrence in normal chick 
embryos, is clearly a case in which the only evidence of value would be that of 
biological activity. 

The difficulties of trying to equate unknown particles with virus simply on a 
morphological basis have recently been ably stressed by Williams (1954) and the 
same point has also been made by Porter and Kallman (1952). Without 
accompanying biological tests conclusions in work of this type founded solely 
on electron microscopical appearances must remain wholly speculative ; where 
such unknown particles are observed in association with disintegrating cells the 
fine structure of whose other components has not been preserved, the problem 
becomes, as Porter and Kallman (1952) have emphasised, doubly difficult. 

In view of the great uncertainty surrounding the morphology of the Rous 
virus it was thought that the question might best be attacked by using a method 
which would allow the examination in the electron microscope of all the tumour 
cells in a representative sample so that the incidence of cells with particles could 
be established. In order to eliminate the problems of sampling inherent in the 
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examination of ultra-thin sections of Rous material for this purpose, and 
particularly as there was doubt as to where the particles were located in the cells, 
a method which also allowed the whole of each cell to be examined seemed 
desirable: Since, too, it was considered that parallel morphological and infectivity 
studies were of fundamental importance, the starting material for the work was 
needed in a form which could be readily handled for both these purposes. A 
technique fulfilling the foregoing requirements was evolved and has been applied 
to the tumour cells of a recently developed ascites form of the Rous sarcoma 
(Epstein, 1951, 1952, 1955b; Bather, 1954a, 19546) which, like other single 
dispersed tumour cells in ascitic fluid, are well suited to the taking of homogeneous 
representative samples. 

The technique has been reported in detail elsewhere (Epstein, 1955a, 19556). 
It makes use of the fact that when free round ascites tumour cells are incubated 
under appropriate conditions in contact with a firm surface on which they can 
grip, they quickly change shape from a round to a spindle form (Craigie, 1952 ; 
Lasnitski, 1952, 1953), an early but transient stage in this transformation consist- 
ing of the cells spreading widely and becoming thin enough for electron microscopy 
when the firm surface was flat. 

The work described in the present communication falls into two parts. In 
the first part large numbers of cells from samples of eight Rous ascites tumours 
were examined in the electron microscope to establish the incidence of tumour 
cells with particles in each tumour cell population, as well as the intracellular 
site of the particles. In the second part the incidence of cells with particles 
in samples from five further Rous ascites tumours was correlated with the bio- 
logical activity of the virus contained in these tumours. Brief preliminary 


reports have been given eleswhere of both the first series of experiments 
(Epstein, 1955¢ 1955d) and the final series (Epstein, 1955e, 1956). 


MATERIALS AND METHODS 


T'umour.—The Rous No. 1 fowl sarcoma used was of the Rockefeller Institute 
strain derived by passage in Plymouth Rock fowl from the original tumour 
described by Rous (1910). It was received in July, 1954, through the kindness 
of Professor Albert Claude as a tumour desiccate from Rockefeller Bird No. 2931 
prepared on May 27th, 1948. The tumour was passed several times by cell 
grafting intra-muscularly in chickens at the Bland-Sutton Institute and was then, 
for the present work, inoculated intra-peritoneally to convert it to an ascites 
form (Epstein, 1951, 1952, 19556; Bather, 1954a 19546) which was maintained 
by serial passage of the fluid as described elsewhere (Epstein, 19556). The ascites 
form of this strain of the Rous sarcoma showed an intermittent tendency to grow 
in solid masses in the peritoneum and 12 fluid transplant generations were the 
most that could be achieved. On account of this tendency to solid growth new 
Rous ascites tumour lines were started on several occasions in the course of the 
work. 

Animals.—Pedigreed susceptible Brown Leghorn fowl from the Poultry 
Research Centre, Edinburgh, were used for the tumour passages and for the titra- 
tions. They were between 7 and 10} weeks old when inoculated, with the 
exception of one bird aged 11} weeks and one aged 12}. The age at which 
the birds were used was determined by the exigencies of supply. 
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Preparation of tumour cells for electron microscopy 

The samples of Rous ascites tumour cells were prepared for electron micro- 
scopy in inverted slide assemblies by the methods previously described in detail 
elsewhere (Epstein, 1955a, 19556) apart from two minor modifications. Firstly, 
the diluent in which the cells were placed for loading into the slide assemblies 
was made up to contain 30 per cent of serum from the tumour bearing fowl 
yielding the sample of ascitic fluid, instead of 25 per cent as in the earlier work. 
Secondly, although fixation was continued as before for about 22 hours in the 
case of at least 3 out of the 6 slide assemblies set up with each tumour cell sample, 
other fixation times extending up to a maximum of 30 hours were sometimes 
applied to the remainder. 


Techniques used in assay of virus 


When the amount of virus contained in the cells of a sample of Rous ascites 
fluid was to be assessed the following materials and procedures were used : 

Suspending fluid.—The suspending fluid employed in the titrations consisted 
of 5 per cent inactivated rabbit serum in mM/100 phosphate buffer at pH 7-38 
brought to isotonicity by the addition of NaCl (0-792 g. per 100 ml.). The serum 
was inactivated by heating it to 56°C. for half an hour shortly before use. 

Washing of cells.—Cells to be washed were placed in fresh suspending fluid 
and centrifuged in an horizontal centrifuge at 6000 r.p.m. for 5 minutes. At the 
end of this the suspending fluid was poured off from the deposited cells which 
were then considered to have been washed once; the amount of suspending 
fluid used was adjusted to give 10 times the volume of the original ascitic fluid 
from which the cells in question had been obtained. 

Disruption of cells——Where cells were to be disrupted they were placed in 
0-5 ml. suspending fluid and loaded into a tissue disintegrator (Ten Broek, 1931) 
having a ground glass piston and tube (supplied by The Ponders End Glassworks, 
Middlesex). The disintegrator was then attached to a 1/10 h.p. electric motor 
by a rubber connection joining its piston to the motor’s spindle, the apparatus 
being so mounted as to maintain the disintegrator in an upright position. The 
motor was turned on and set to run so that its speed would have been 18,000 
r.p.m. had the frictional resistance of the disintegrator not been present ; it 
was kept running for 1 minute. During this time the tube of the disintegrator 
was moved up and down on its rotating piston once every 10 seconds. The 
disintegrator was surrounded by a bath of melting ice both for 5 minutes before 
the motor was started and during the run. 

Preparation of virus suspensions.—The suspension of disrupted cells was 
brought to 10 times the volume of the original sample of ascitic fluid from which 
the cells had come by the addition of more suspending fluid, except in Experiment 
10, where it was made up to 20 times the volume. Allowance has been made for 
this difference in calculating the results. Cell débris was next deposited by 
centrifugation in an horizontal centrifuge at 6000 r.p.m. for 5 minutes and the 
resulting supernatant containing the virus liberated from the cells was decanted 
and kept for use as the virus suspension. 

Inoculations.—Inoculations were made intra-dermally in the plucked breasts 
of fowl in a row on either side of the mid line clear of the quill-bearing areas 
(Fig. 1). Each inoculum consisted of 0-025 ml. and 4 fowl each received one 
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dose of all dilutions of the virus suspension used in a given experiment. Specially 
sharpened intra-dermal needles were kept for the work and inoculations were 
made by piercing the skin and re-entering its thickness from the deep surface. 
Examination of fowl.—The birds were examined every 2 or 3 days and all 
the tumours which developed (Fig. 1) were recorded. At the end of 3 weeks the 
birds were killed and subjected to post mortem examination. 


General considerations 


Each experiment was made on a sample of ascitic fluid obtained from a different 
example of a Rous ascites tumour. All the samples used were from birds with 
recognisable abdominal swelling following intra-peritoneal inoculation of ascitic 
fluid 8 to 11 days previously. 

The collection of samples of ascitic fluid containing the tumour cells and the 
counting of the cells was done by the methods which have already been reported 
(Epstein, 1955d). 

The tumours were passed and the titration experiments were made with 
strict aseptic technique ; tests for the presence of contaminating bacteria were 
negative. 

The time taken over the experimental procedures in the titration experiments 
was standardised so that in all cases the inoculations were completed about 90 
minutes after killing the tumour-bearing bird. 

Both the composition of the suspending fluid and the method of inoculation 
used in the titrations were based on techniques originally introduced by Claude 
(Claude and Rothen, 1940 ; Claude, 1954, personal communication). 

The examination of the cells in the electron microscope was made using a 
screen magnification of at least 7500 x and in most cases higher magnifications as 
well. Only after this were the cells considered to have been searched for particles 
and included in the counts. Accuracy in counting was ensured by the use of a 
hand-type Tally Counter (of English Numbering Machines Ltd., Enfield, 
Middlesex). 

The electron microscope employed was a Philips EM-100 of the new type 
11980/23 embodying the new high resolution objective lens; the objective 
aperture of 304 diameter was found to give the best image contrast. All the 
electron micrographs were taken using an accelerating voltage of 80 kV. 

Where bright field, phase contrast, or dark ground light microscopical observa- 
tions were made a Leitz Ortholux microscope was used fitted with phase contrast 
equipment, Heine condenser, Eisenberg warm stage and straight sided cavity 
slides. 

If stained preparations of Rous ascites fluids were needed a wet film was 
prepared in the manner of a blood film, fixed when still wet in Carnoy’s fluid and 
stained with haematoxylin and eosin. 


Experimental procedure 


Experiments 1 to 8.—In each of these experiments Rous ascites tumour cells 
were prepared for electron microscopy from a sample of ascitic fluid whose tumour 
cell content had been counted. The preparations were then examined in the 
electron microscope and a record was kept both of the total number of tumour cells 
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searched and the number of such cells found to contain virus-like particles of 
about 70 my diameter. The intracellular site of the particles was also noted. 
Experiments 9 to 13.—In each of these further experiments a | ml. sample of 
ascitic fluid was divided into two portions. One portion was treated exactly as were 
the samples used in Experiments 1 to 8 described above. The other portion was 
diluted 1 in 10 in suspending fluid and the cells were collected by centrifuging 
in an horizontal centrifuge at 8000 r.p.m. for 10 minutes ; diluting before centri- 
fugation reduced the viscosity of the ascitic fluid and ensured that the cells were 
deposited. The cells collected in this way were washed 6 times, disrupted and 
used to make a virus suspension which was diluted in serial tenfold steps with 
suspending fluid for inoculation. 


Calculation of results 


The incidence of tumour cells with particles in the tumour cell population 
(Table I) was calculated from a consideration of the total number of tumour 
cells examined in the electron microscope from a sample of ascitic fluid and from 
the number of these cells found to have particles in them. Since, too, the total 
tumour cell count per c.mm. of the ascitic fluids was known, the number of 
tumour cells with particles per ml. of the ascitic fluids could also be worked 
out (Table II). 

From the number of tumours which arose following the inoculations of each 
dilution of a virus suspension (Table II), that dilution of the virus suspension 
which would have caused tumours in 50 per cent of fowl when given in a dose of 
1 ml., was calculated. The method of calculation used was that of Reed and 
Muench (1938) and the results, under the heading of TD50, have been expressed 
in terms of 1 ml. of the original samples of ascitic fluid containing the cells from 
which the virus suspensions were made (Table IT). 


RESULTS 
Light microscopy 

Throughout the work Rous ascites fluids have been found to contain about 
20,000 free round tumour cells per c.mm. amongst which mitoses were frequently 
seen. In addition a variable number of erythrocytes and a relatively small number 
of white blood corpuscles were present. The tumour cells were sometimes 
encountered in small clumps, but whether seen thus or dispersed singly, their 
morphology was the same. These findings are based on observations made on 
ascitic fluids diluted and placed in a haemocytometer for counting, on phase 
contrast and dark ground studies of the living cells of ascitic fluids in slide 
assemblies and on examinations of fixed, stained, smears of ascites cells. A 
photo micrograph of a typical stained smear is shown in Fig. 2. Many large 
round single ascites tumour cells are present, one showing a characteristic mitosis ; 
in addition the nuclei of erythrocytes lysed by the fixative can be seen, together 
with a few white blood corpuscles. 

Phase contrast studies of living Rous ascites cells in slide assemblies have 
confirmed that the spreading of the cells is a transient stage in the change of 
shape which they undergo from round to spindle form when in contact with a firm 
flat surface on which they can grip, rather than a function of the motility of the 
cells (Epstein, 1955b). Fig. 3 shows a phase contrast photo micrograph of the 
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floor of-an inverted slide assembly after 3 minutes incubation at 37° C ; many of 
the free round ascites cells have come to rest on the floor, whilst others, surrounded 
by a diffraction halo, have not yet reached the floor being just above this level 
and out of the plane of exact focus. Yet other cells, still sinking through the 
diluent well above the plane of focus, are responsible for causing the diffraction 
rings. Fig. 4, also a phase contrast photo micrograph, shows the floor of a slide 
assembly after 15 minutes incubation at 37° C ; it can be seen that all the cells 
have now sunk to the floor and that they have either spread widely or are in the 
process of doing so. In the phase contrast photo micrograph shown in Fig. 5, 
many of the live Rous ascites tumour cells on the floor of a slide assembly have, 
after 2 hours incubation at 37°C., already completed the change from round to 
spindle form. Others can be seen starting this transformation which was usually 
complete after about 4 hours incubation. 

High power phase contrast and dark ground observations on living Rous 
ascites tumour cells have been made for comparison with electron micrographs of 
the cells after osmium fixation. The phase contrast photo micrograph shown in 
Fig. 6 is of a well-spread tumour cell with prominent nucleus and nucleolus, 
many small lipoid bodies, vacuoles of various sizes and a number of filamentous 
mitochondria. In Fig. 7 a dark ground photo micrograph of an exactly similar 
cell is shown ; the lipoid bodies stand out with great brilliance and the shimmering 
appearance of the vacuoles is also apparent. 


Electron microscopy 

All the structures which could be seen by phase contrast and dark ground 
microscopy in living Rous ascites tumour cells were present in the osmium-fixed 
cells viewed in the electron microscope. Fig. 8 shows an electron micrograph of 
such a fixed cell reproduced at the same magnification as the exactly similar 
living cells shown in Fig. 6 and 7; the only additional structure evident in the 
electron micrograph is the endoplasmic reticulum whose chains of collapsed 


TaBLE I.—Jncidence of Rous Ascites Tumour Cells with Particles in 
Total Tumour Cell Population of Various Examples of Rous Ascites 
Tumours, and Intracellular Site of Particles. 

Number of 


cells Incidence Site of 
examined in Number of of cells particles 
Experiment electron cells with with — 
No, microscope. particles, particles. Vacuole. Elsewhere. 
1 150 1 ? ‘ 1 0 
2 2030 0 
3 1758 0 -- 
4 2114 4 1/500 4 0 
6 2357 47 1/50 . 47 0 
7 2000 1 1/2000_—«z 0 
8 1026 0 
6 1/500 : 0 
40 1/75 ; 40 0 
52 1/57 ‘ 52 0 
1 1/3000_—zj 1 0 
16 1/187 ° 16 0 
168 168 0 
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EXPLANATION OF PLATES 


Fic. 1.—Left (a) and right (6) sides of the plucked breast of a chicken in which intra-dermal 
inoculations of a series of 6 serial dilutions of a Rous virus suspension had been made 11 days 
previously, Tumours have developed from the first four dilutions and in the case of the 
three most potent of these the haemorrhages which have occurred in the tumours and the 
nodules at the points where the needles pierced the skin, can be seen. x 2. 


Fic. 2.—Smear of Rous ascitic fluid. Numerous large tumour cells are present, one in mitosis ; 
the nuclei of erythrocytes lysed during fixation can be seen as well as 4 or 5 white blood 
cells. Carnoy’s fixation when wet ; haematoxylin and eosin. Photo micrograph . x 650. 


Fic. 3.—Floor of an inverted slide assembly after 3 minutes incubation at 37° C. showing many 
of the living round Rous ascites tumour cells at rest. Other cells still sinking through the 
diluent above the plane of focus are surrounded by diffraction haloes, or at higher levels, 
are responsible for causing the diffraction rings. Phase contrast photo micrograph. x 190. 


Fic. 4.—Floor of an inverted slide assembly after 15 minutes incubation at 37° C. All the 
cells have now sunk down and have either spread widely or are in the process of doing so, 
Phase contrast photo micrograph. x 190. 


Fie. 5.—Floor of an inverted slide assembly after 2 hours incubation at 37° C. Many of the 
live Rous ascites tumour cells have already completed the change from round to spindle 
form ; other are starting this transformation, Phase contrast photo micrograph. x 190. 


Fic. 6.—Well spread living Rous ascites tumour cell having on the left of its centre a prominent 
nucleus with a nucleolus ; many small dark lipoid bodies, clear vacuoles of various sizes, 
and a number of filamentous mitochondria can also be seen. Phase contrast photo 
micrograph. x 1,500. 


Fic. 7.—Well spread living Rous ascites tumour cell ; the lipoid bodies stand out with great 
brilliance, and the shimmering appearance of three vacuoles is apparent. The nucleus 
occupies the kidney shaped space on the left of the cell’s centre and can be seen to contain 
a nucleolus. Dark ground photo micrograph. x 1,500. 


Fic. 8.—Well spread osmium fixed Rous ascites tumour cell showing all the features present in 
the living cell shown in Fig. 6. In addition the chains of collapsed vesicles of the endo- 
plasmic reticulum are just visible in the cytoplasm. Electron micrograph. x 1,500. 


Fic. 9.—Survey picture of a well spread typical Rous ascites tumour cell. The nucleus (N) 
is surrounded on three sides by profuse large osmiophilic lipoid bodies (L) ; the cytoplasm 
contains the chains of collapsed vesicles of the endoplasmic reticulum (R) as well as many 
filamentous mitochondria (mM). Numerous vacuoles of various sizes (v) are also present (cf. 
Fig. 6, 7 and 8). This is an example of a cell with profuse large lipoid bodies which tend to 
limit observation in the cell centre. Electron micrograph ; osmium vapour fixation for 

30 hours. x 3,000. 


Fic. 10.—Cytoplasmic detail of a Rous ascites tumour cell. The chains of collapsed vesicles 
of the endoplasmic reticulum can be seen, as well as the limiting membrane of the longer 
mitochondrion, Electron micrograph ; osmium vapour fixation for 30 hours. x 20,000. 


Fie. 11.—Survey picture of part of a Rous ascites tumour cell with two vacuoles con- 
taining virus particles; the nucleus, mitochondria and endoplasmic reticulum are well 
preserved. Electron micrograph ; osmium vapour fixation for 30 hours. x 6,000. Inset 
the vacuoles may be seen at higher magnification. x 12,000. 


Fic. 12.—Large vacuole in a Rous ascites tumour cell showing the Rous virus particles. The 
limiting membrane of the vacuole can be distinguished particularly where it has become 
folded. Two smaller vacuoles occupy the top of the field and their membranes are also 
evident. Electron micrograph ; osmium vapour fixation for 30 hours. x 25,000. 


Fig. 13, 14, 15 and 16.—Small vacuoles from Rous ascites tumour cells showing the different 
ways in which the virus particles may be arranged in the vacuoles. Folds in the limiting 
membranes of the vacuoles can be seen in Fig. 14 and 16, which also show portions of mito- 
chondria, as does Fig. 13. Electron micrographs ; osmium vapour fixation for 30 hours. 

x 20,000. 
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vesicles are just visible in the cytoplasm (cf. Fig. 9, 10 and 1'). Fig. 9 shows a 
survey electron micrograph of another well-spread typical Rous ascites tumour 
ell in which the details of cell structure are more apparent on account of the 
iigher magnification. This is an example of a cell with profuse large lipoid 
vodies and it can be seen by comparing Fig. 8 and 9 that it is the concentration of 
hese bodies in the cell centre which limits penetration by the electron beam 
ather than any failure of the cell to spread thinly. The state of preservation of 
he fine structure of cells prepared by the technique used is illustrated in Fig. 10, 
vhich shows cytoplasmic detail at high magnification; chains of collapsed 
vesicles form the endoplasmic reticulum and it is possible to distinguish the 
imiting membrane of the longer mitochondrion present in the field. 

The results of examining in the electron microscope cells from samples of 13 

lifferent examples of Rous ascites tumours are shown in Table I. It can be 
een that the incidence of cells with particles in the total tumour cell population 
varied widely from tumour to tumour ranging from | in 50 cells (Experiment 6) 
o 1 in 3000 cells (Experiment 12); the incidence was, however, constant for all 
the preparations made from any one tumour. The particles were uniform, 
electron dense and about 70 my. in diameter ; they were always found in, or in 
the walls of, the vacuoles common in Rous ascites tumour cells (Fig. 11, 12, 13, 
14, 15 and 16) and numbered about 100 per cell. It can also be seen from 
Table I that 27,637 tumour cells have been examined in the electron microscope, 
of which 168 have been found to contain particles in association with vacuoles. 
In no single instance have particles been observed lying free in the cytoplasm. 

Fig. 11, a survey electron micrograph, shows part of a Rous ascites tumour 
cell, two of whose vacuoles contain particles ; inset, the vacuoles may be seen at 
higher magnification. 

The electron micrograph reproduced in Fig. 12 shows other particles at high 
magnification. The limiting membrane of the vacuole with which the particles 
are associated is well seen, especially where it is folded. 

Fig. 13, 14, 15 and 16 show examples of the various ways in which the particles 
may be arranged in the vacuoles. 


Combined electron microscopy and titrations 


The results shown in Table ITI are of the five experiments in which both the 
incidence of tumour cells with particles in each tumour cell population and the 
amount of virus extractable from the cells were determined. It can be seen that 
where there was a low number of tumour cells with particles per ml. of ascitic 
fluid (Experiment 12) the value obtained for the TD50 was relatively low ; where, 
on the other hand, many cells with particles were found (Experiments 10 and 11) 
the value for the TD50 was high. The intermediate figures obtained between 
these extremes also show close agreement (Experiments 9 and 13). 

In statistical terms, if the log of each TD50 is plotted against the log of the 
number of cells with particles per ml. of each sample of ascitic fluid (calculated in 
Table IT) as in Fig. 17, the correlation coefficient is highly significant and P = 0-002. 
it must be borne in mind, however, that this significance level is not absolutely 
accurate since it takes no account of variations in accuracy of the results plotted ; 
where many cells with particles were found in a sample of ascitic fluid the figure 
‘or the incidence of such cells in the tumour cell population was relatively more 
aecurate than the figure obtained where few cells with particles were recorded. 


4 
t 
4 


M. A. EPSTEIN 


Tas Le IT.—Correlation between Incidence of Rous Ascites Tumour Cells 
with Particles in Total Tumour Cell Population and Infectivity 
of Virus Extractable from the Tumour Cells. 


Number Inci- Number 
Tumour of cells Number dence of cells 
cells examined of of with Dilutions of virus suspension 

per in cells cells particles | and number of tumours from TD50 
Experi- e.mm. electron with with per ml. 4 inoculations of each dilution per ml. 
ment ascitic micro- par- par- ascitic - —A — ascitic 
No. fluid. scope. ticles, __ ticles. fluid. 10-° 10-1 10-3 10-4 10-5 fluid. 
9 . 23,000. 2997 . 6 . 1/500 . 46000..— — 4/4 1/4 0/4 O/4 . 10°5°% 
10 . 24,000. 3003 . 40 . 41/75 .320000. — — 4/4 4/4 0/4 O/4 . 10-¢-4 
11 . 26,000. 3000 . 52 . 1/57 . 456,000 . 4/4 4/4 4/4 3/4 1/4 O/4 . 10-%1! 
12. 18,000. 3000 . 1 . 1/3000. 6,000. 4/4 4/4 O/4 1/4 O/4 O/4 . 10-7 
13 . 29,000. 3000 . 16 . 1/187 . 155,000 . 4/4 4/4 4/4 2/4 1/4 O/4 . 10-5°8 


| | _] 
6 


3 


4 5 
Log, no. of cells with particles 


Fic. 17.—The log of the TD50 of the virus extractable from all the tumour cells in 1 ml. of 
each ascitic fluid is shown plotted against the log of the number of tumour cells with 
particles in 1 ml. of each ascitic fluid; the correlation coefficient is highly significant and 

P = 0-002. 


The results of Experiment 11 set out in Table II show the highest degree of 
accuracy, since they are based on the highest incidence of cells with particles. 
It will be seen that in this experiment the ascitic fluid contained 456,000 tumour 
cells with particles per ml., and also that the virus extractable from all the tumour 
cells in 1 ml. of this fluid (26,000,000) gave a TD50 of 10-®, i.e. it would have 
caused tumours in 50 per cent of inoculated fowl when diluted 1 in 1,000,000. 
Now since each tumour cell with particles contained something of the order of 
100 of them, then approximately 50 particles were the minimum needed to cause 
a tumour. 


DISCUSSION 

The original Rockefeller Institute strain of the Rous sarcoma was used in the 
present work because it was in tissue culture cells from it that Claude and Porter 
first detected virus-like particles (Claude, Porter and Pickels, 1946, 1947 ; Claude, 
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1947-48). The virus content of this tumour strain was found in preliminary 
titrations to be higher than that of the Bland-Sutton Institute strain (which was 
derived from it in 1925), a fact which very probably accounts for the failure to 
tind particles in a small series of ascites cells of the latter strain examined earlier, 
in the electron microscope (Epstein, 1955b).. The difference in virus content of 
these two strains of the Rous sarcoma might also explain why the Rockefeller 
Institute tumour tended towards solid growth in the abdominal cavity of fowl, 
whereas the Bland-Sutton Institute example has been carried through as many as 
43 fluid transplant generations (Epstein, 19556). It is thought that differences in 
the strain of fowl used for the passage of the two tumours during the last thirty 
years are responsible for having brought about the difference in virus content 
and behaviour. 

By using 30 per cent serum in the diluent employed in the slide assemblies when 
cells were being prepared for electron microscopy, greatly improved results were 
obtained as compared with the earlier work where 25 per cent serum was used 
(Epstein, 19556). With this modification and with practice in the use of the 
iethod in general, almost all the areas of cell preparations taken for mounting 
for electron microscopy (Epstein, 1955a) were found on examination to have well 
preserved cells on them in large numbers. 

The use of intra-dermal inoculations in the titrations was found to be very 
advantageous. The course of development of tumours could be watched directly 
at the inoculation sites, the presence or absence of tumours was unequivocal, 
and the results were complete two and a half weeks after inoculation. 

Isotonic suspending fluid was introduced for the washing of the cells so that 
the number of cells damaged or destroyed during the process could be minimised. 
Any such destruction was, of course, the same in each experiment, since a standard 
washing procedure was used. 

In the same way the mechanical method of disruption applied to the cell 
samples standardized the technique and tended to eliminate differences in treat- 
ment in the various experiments. The use of a cooling bath during disruption 
of the cells was necessary to overcome the inactivating effects of frictional heat 
on the virus suspensions. 

On the other hand, a possible small source of inaccuracy in the experiments 
lay in the use of the usual leucocyte counting method to establish the total number 
of tumour cells per unit volume of the ascitic fluids. The error of this method has 
been variously estimated as being up to as much as + 20 per cent (Dacie, 1950) 
when counting 100 white blood corpuscles, but the relatively high cell counts of 
the ascitic fluids reduced the error considerably. 

Turning to a consideration of the findings of the present experiments, the most. 
important point that emerges is that the statistically highly significant correlation 
between the results of the morphological and the biological studies when taken 
in conjunction with the size of the particles observed in some of the tumour cells 
and their appearance, makes it possible, for the first time, definitely to identify 
the particles as the Rous virus. The likelihood that these particles represent an 
artefact is excluded by this correlation and further evidence against it lies in the 
fact that when the particles were present in a high proportion of tumour cells in 
a sample of ascitic fluid, the high incidence was constant for the cells observed 
in all the preparations of that sample. It is unlikely that a chance artefact 
would present in this way. 
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The particles were regular and about 70 my. in diameter, which is just the 
size previously calculated for the Rous virus by indirect physical means (Elford 
and Andrewes, 1935; Andrewes, 1936; McIntosh and Selbie, 1937; Claude, 
1937). They have clearly been observed within the cells and not adsorbed on 
the outside of the cell membranes since they have always been found, in a large 
series of well-preserved cells, associated with specific intra cellular structures, 
namely, the vacuoles. Phase contrast and dark ground light microscopic studies 
of living cells have shown that the vacuoles are present in life and cannot be 
considered as artefacts (Fig. 6 and 7). The nature of the association of the virus 
with the vacuoles could not be determined by the techniques which have been 
used ; the particles might have been either in the vacuoles or attached to their 
limiting membranes whose presence could be clearly seen in many of the 
electron micrographs (Fig. 12). However, whatever the association of the virus 
with the vacuoles may ultimately prove to be, it must certainly be regarded as 
very real in view of the number of cells included in the present series and their 
general state of preservation. With regard to this last point it has several times 
been stressed that the method of preparation used has left the cells with their 
fine structure well conserved ; an attempt has been made to show this in the 
figures (Fig. 8, 9, 10 and 11). 

Gaylord (1955) reported the presence of intracellular spaces in the thin 
sections of Rous tumour cells which he examined by electron microscopy but was 
not able to decide from observations on sectioned cells whether these were 
vacuoles or sectioned invaginations of the cell wall. In view of the findings of 
the present work these would seem to have been vacuoles such as those reported 
here. The nature of the vacuoles is not known, but it may be noted in passing 
that vacuoles have been found in Erhlich mouse ascites carcinoma cells infected 
with anopheles A virus (Friedlander, Moore, Love, Brown and Koprowski, 1955) 
and apparently in the “ giant cells” of monkey kidney tissue cultures carrying 
the so-called “‘ foamy virus *’ (Enders and Peebles, 1954; Rustigian, Johnston 
and Reihart, 1955). On the other hand, vacuoles have been observed in mouse 
sarcoma 37 ascites cells in the absence of known virus infection (Epstein, 1955b). 

The main problem presented by the results which have been obtained is to 
explain why only a proportion of the Rous tumour cells should carry the virus. 
Of course, there can be no certainty that all the cells examined were tumour cells 
despite the fact that those classified as such were all identical morphologically 
both in the various light microscopical studies and in the electron microscopical 
studies. Perhaps only those cells with virus particles should be considered as 
tumour cells, but if all the cells are assumed to be malignant, as has been done 
here, the limited incidence of cells with virus appears strange. It might be that 
the virus undergoes a developmental cycle in the cells, of such a kind that it is 
only present in the form of a detectable infectious particle for a short period. Al! 
the cells might then carry the virus, but the number of them showing it in a 
detectable form at any given time could well depend on the rate of the cycle 
which in turn could be affected by the reactions of the host bird.* On the other 


* Since this communication was sent for publication the report of a biological study of th 
relations between the virus and cell of the Rous sarcoma has reached this country—Rubin, H. 
(1955), Virology, 1, 445. Rubin’s study confirms that at any one moment only a small proportio” 
of Rous cells contain infective virus ; it also favours the theory presented here, that over a perio | 
of time all the cells pass through a stage of carrying infective virus. 
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hand, the virus might act on all the cells which appear to be tumour cells and set 
off a malignant change, but might only actually multiply in a proportion of them, 
his proportion again depending on the reactions of the host. But whatever 
view is taken, such explanations of the problem must remain largely speculative 
it the present time. 

The apparent uniformity of the tumour cell population when obtained in 
‘he form of ascites cells is in marked contrast to the histological picture of solid 
ous tumours and the cytological findings in Rous tumour tissue cultures. 
‘laude, Porter and Pickels (1947) have discussed the problem of whether the 
nalignant condition is restricted to cells of the macrophage type or to those of 
‘he fibroblast type and have listed many of the workers who have held divergent 
views on this point. It could well be, in view of the findings from the phase 
-ontrast light microscopical studies carried out during the present work, that the 
wo types of cell represent different manifestations of the same entity (Fig. 3, 4 
and 5), simple environmental factors being responsible for their shape at a given 
‘ime. In this context it may be noted that thinly spread living cells prepared in 
lide assemblies, as has been done here for phase contrast or dark ground light 
microscopy, would appear to have applications beyond those of acting merely 
«s a check for electron microscopy. 

The electron density of the particles when fixed with osmium accords well 
with Claude’s (1935) finding of much phospholipoid associated with the Rous 
agent after purification. 

The estimation that each cell with particles contained 100 was arrived at 
after examining the electron micrographs of such cells. It was felt that 100 
per cell was of the right order of average content, being more correct than 10 or 
1,000 would have been; the assumption, therefore, although subjective and 
without any claim to strict accuracy, is based on the facts observed. 

The finding that on the average 50 Rous virus particles were the smallest 
number needed to initiate a tumour under the conditions described, needs 
comment. Of the 50 particles it is not possible to say whether one, some or 
all took part in tumour formation.f The order of number needed here is only 
considered to be of interest by comparison with the figure of 20,000 particles 
per infective dose for the Lancing strain of poliomyelitis virus assayed in cotton 
rats (Bachrach and Schwerdt, 1954). 

In attempting to relate the present work to previous electron microscope 
studies of particles in chicken cells either from Rous sarcomata (Claude, Porter 
and Pickels, 1946, 1947; Claude, 1947-48; Bernhard, Dontcheff, Oberling and 
Vigier, 1953 ; Oberling, Bernhard, Dontcheff and Vigier, 1954; Gaylord, 1955) 
or from normal chick embryos (Gey and Bang, 1951; Bang, 1952; Gey, Bang 
and Gey, 1954; Bang, 1954), the main difficulty is the lack of any biological 
data accompanying the earlier findings. 

It could well be that the particles reported in the work with Rous tissue 
culture material were the same as the Rous virus described in the present experi- 
ments. In that case their localisation in the cytoplasm could be explained by 
the fact that they had become scattered from their true site in association with 
the vacuoles, by damage to the cells ; Oberling, Bernhard and their collaborators 


+ Although Rubin demonstrates that one tumour is actually initiated by one virus particle, 
his results are also consistent with the finding reported here that considerably more than one 
particle was present on the average in a minimal infective dose. 
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(Bernhard, Dontcheff, Oberling and Vigier, 1953 ; Oberling, Bernhard, Dontcheff 
and Vigier, 1954) have emphasized that their cells with particles were distintegrating 
and even in the elegant chicken tumour cell electron micrographs of Claude. 
Porter and Pickels (1947)—particularly admirable when it is considered at what 
stage in the history of practical electron microscopy they were obtained—the 
fine structure of the cells with particles does not appear to have been preserved. 
In this connection it may be recalled that only the peripheral portions of tissue 
culture cells were thin enough for electron microscopy (Claude, Porter and Pickels. 
1947), so that particles associated with vacuoles in the centre of undamaged cells 
might have been obscured. It must also not be forgotten that the virus-like 
particles seen in Rous tissue culture material could have been adsorbed on the 
outside of the cells after release from totally disrupted cells and this, too, would 
explain the apparent cytoplasmic distribution of the particles. 

On the other hand, assuming that these previously reported particles from 
Rous material were the Rous virus it is difficult to see why apparently identica! 
particles should have been found in disintegrating normal chick embryo tissue 
culture cells (Gey and Bang, 1951; Bang, 1952; Gey, Bang and Gey, 1954: 
Bang, 1954). 

There is in fact another possibility which cannot be disregarded. Both where 
particles have been reported in Rous tissue culture cells and where they have 
been reported in normal chick embryo tissue culture cells, the cells containing the 
particles have been in the process of disintegration ; it might be that the particles 
represent some breakdown product of osmium-fixed lysing chicken cells. 

No final conclusion can be drawn one way or another in the absence of bio- 
logical tests of the activity of the particles and for the same reason no attempt 
can be made to interpret the significance of the extra cellular particles found by 
Gaylord (1955) in sections of Rous tumours. It can only be stressed once again 
that work of this type should combine morphological studies with paralle! 
biological investigations. 


SUMMARY 


Experiments are described which were performed to establish the presence 
of virus-like particles 70 my. in diameter in the tumour cells of an ascites form of 
the Rous sarcoma, the site of the particles in the cells, and the incidence of cells 
with particles in the tumour cell population. A method of preparing ascites 
cells for electron microscopy (described elsewhere) has been used which allows all 
the cells in a given sample to be examined, as well as the whole of each cell ; 
nearly 13,000 cells from 8 Rous ascites tumours were searched in the electron 
microscope in this part of the work. 

Further experiments were made, designed to establish the identity of the 
virus-like particles by correlating their incidence in 3000 cells from each of 5 
more Rous ascites tumours with the biological activity of the virus extractable 
from the cells of the tumours. 

The techniques which have been employed are described in detail. The 
electron microscopical observations on fixed cells were checked where possible by 
phase contrast and dark ground light microscopical studies of living cells. 

The biological activity of the different virus suspensions has been calculated 
by a quantitative method ; pedigreed Brown Leghorn fowl were used for the 
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= 

( 
I 
if 
‘ 
La 
hi 
D. 
Kp 


IDENTIFICATION OF ROUS VIRUS 47 


The results show that the incidence of cells with virus-like particles 70 my. in 
diameter in the cell population varied from tumour to tumour, ranging from | in 
50 cells to 1 in 3000 cells. In 4 out of the total of 13 tumours examined no virus- 
like particles were observed. 

In all, 27,637 Rous ascites tumour cells have been searched in the electron 
microscope and 168 of them contained particles. The particles were always in 
association with the vacuoles which are common in the cells and which were 
easily seen by light microscopy in living cells ; the vacuoles have been shown to 
possess limiting membranes. In no single instance have virus-like particles been 
observed scattered in the cytoplasm of the cells. 

A statistically highly significant correlation has been found between the tumour 
producing activity of the virus which could be liberated from the cells of a tumour 
and the percentage of the cells found to contain particles. The particles must 
therefore be identified as the Rous virus. It has also been possible to calculate 
from the results that something of the order of 50 Rous virus particles were 
required to initiate a tumour under the experimental conditions used. 

These results and their significance are discussed in detail. 


The author is most grateful to Dr. P. Armitage of the Medical Research 
Council’s Statistical Research Unit (London School of Hygiene and Tropical 
Medicine) for his kind help with, and approval of, the statistical evaluation of 
the results. 


The expenses of this investigation were borne by the British Empire Cancer 
Campaign. 
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Tus paper reports a limited series of tests for carcinogenic action on mouse 
skin of tar obtained from cigarette smoke. Since the evidence that cigarette 
tars are carcinogenic has come from only one group in one country it seems 
desirable that results of other workers should be presented as soon as possible so 
that the position can be better evaluated. 

The experiments described here failed to reveal any carcinogenic action 
under the conditions of the test. 


MATERIALS AND METHODS 


Tar production 


Standard size cigarettes of British manufacture were smoked in batches of 
20 in an all-glass apparatus. An alternating suction was applied so that air was 
drawn through the cigarettes for 14-2 seconds every 25 seconds. This was 
effected by placing in the suction train a glass tap which was rotated slowly by a 
low speed electric motor. The smoke was drawn through four traps containing 
acetone, the first two chilled in a solid carbon dioxide-acetone mixture, the 
remaining two at room temperature. The bulk of the tarry material was removed 
by the first two traps and no smoke was observed to pass the fourth trap. The 
contents of the traps were pooled and the acetone was distilled off to obtain the 
crude tar. This was stored in a refrigerator and was solid under these conditions 
(about 3° C.). From each 1000 cigarettes 30-35 g. of tar were obtained. 

The temperature of smoking in the machine was determined using a chromel- 
alumel thermocouple and found to be comparable with that during smoking by 
mouth. The hottest point in the centre of the burning zone was found in both 
cases to be about 780° C., falling to 640° C. at the outer rim of the cigarette. 
Hence variable temperatures of smoking might be reported if the location of the 
thermocouple, with respect to the centre of the cross-section of the cigarette, is 
not noted. Passey (1954) and Greene (1955) found similar temperatures of 
smoking, while Wynder, Graham and Croninger (1953) report temperatures up 
to 960° C. (See also Doll, 1955, p. 27.) 


Solutions for test 
Twenty per cent w/v solutions of tar in acetone were made up about every 
three or four weeks as required, usually from fresh tar. 
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0-3 per cent w/v benzpyrene and 0-3 per cent v/v croton oil solutions were 
also made up in acetone. 
All solutions were stored in the cold and dark. 


Animal experiments 

Five series of experiments were carried out, two series to test for carcino- 
genicity of the crude tar to mice and rabbits, the remainder to investigate the 
‘ initiating ’’ or co-carcinogenic relationships in mice. In detail they were as 
follows : 


(1) 50 mice painted on the back twice weekly with crude tar solution. 

(2) 3 rabbits painted with crude tar solution twice on 5 sites (i.e. 15 sites in all). 

(3) 30 mice painted three times in one week with a 20 per cent solution of tar 
then subsequently once weekly with 0-3 per cent croton oil. 

(4) 30 mice painted three times in one week with 0-3 per cent benzpyrene 
solution then subsequently twice weekly with 20 per cent tobacco tar solution. 

(5) 30 mice painted three times in one week with 0-3 per cent benzpyrene 
(controls to series 4). 

The sites of application on rabbits were clipped regularly, but the mice were 
not clipped or shaved at any stage. The mice were of an outbred albino strain 
which has been used previously in grading mineral oil fractions (Hieger and 
Woodhouse, 1952). Rabbits were of Dutch breed ; three sites on the body and 
one on each ear being used. 

Solutions were applied with a dropper and rapidly covered an appreciable 
area—the clipped area in the case of rabbits and most of the back in the case of 
mice. Approximately 0-3 ml. solution was applied per mouse corresponding 
to about 60 mg. of crude tar. Rabbits received about 0-5 ml. on each site. 
Water and a cube diet (Thompson’s formula) were always available to the mice, 
while the rabbits received greens, oats and bran. 


RESULTS 


No carcinogenic effect of the crude cigarette tar for mouse or rabbit skin was 
detected. In Series 1, only one very small papilloma occurred, in a mouse which 
died at 5 months. It was very small and would, from its appearance, probably 
not have persisted. Treatment was terminated in all experiments at 18 months 
when there were about 20 per cent survivors. These mice were not clipped or 
shaved, as it was found that the tar maintained a fair area of epilation in most 
animals for prolonged periods. No papillomas, or epilation occurred in the 
rabbits ; all survived the whole period (Series 2). 

In the series given initial treatment with the tar followed by croton oil (Series 
3) only two small papillomas were obtained. This number could be expected 
from the application of croton oil alone. However, two large and two smail 
papillomas were obtained in the group given three applications of benzpyrene in 
the first week followed by applications of the tar solution. A similar treatment 
with benzpyrene but without the subsequent tar paintings had no effect. These 
results would indicate a weak co-carcinogenic action of the crude tar following 
benzpyrene treatment. 
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These results are summarised below. Table I gives the number of animals 
used, papillomas obtained within 18 months and survivors at 12 and 18 months. 


TaBLeE I.—Summary of Results 


Survivors at 


Number of Number (months). 
animals with 
Experiment. used, papillomas. 12. 18. 
(1) Tar only (mice) ‘ 3 : 50 1 30 12 
(2) Tar only (rabbits) . . . 3 (15 sites) 0 3 3 
(3) Tar and croton oil ‘ . 30 2 ll 5 
(4) Benzpyrene for Ist week, then tar 30 4 21 7 
(5) Benzpyrene only for Ist week. 30 0 19 7 


A further series of experiments in which mice are being painted with a neutral 
tar fraction, has been in progress for 8 months. This fraction was produced by 
washing an ether solution of crude tar with dilute hydrochloric acid followed by 
« wash with 10 per cent aqueous sodium carbonate. About 25 per cent of the 
weight of the original tar remained in the neutral fraction. It was applied in a 
10 per cent w/v acetone solution and has not produced any papillomas so far. 
This fraction has also been satisfactorily given as a 5 per cent solution in almond 
oil to a few mice by direct inhalation under ether anaesthesia (Orr, 1943). Crude 
cigarette tar is immediately lethal when given to mice in this manner. 


DISCUSSION 


The results reported here are in agreement with the results of. Passey (1954) 
using a similar technique but contrast with the strongly positive carcinogenic 
action reported by Wynder, Graham and Croninger (1953, 1955). Passey 
obtained no tumours at 18 months in two groups of fifty treated with crude tar 
solution or with a neutral fraction. Wynder and co-workers however, obtained 
in the same period, 55 per cent, 21 per cent and 3-2 per cent papillomas in 
different mouse strains (CAF, Swiss and C57, respectively) using crude tar 
prepared from cigarettes of American manufacture. 

The first point of difference between our technique and that of the American 
workers is the strain of mice used. However, experience has shown that the 
albino mice used here are susceptible to ordinary polycyclic hydrocarbon 
carcinogens and to carcinogens present in oils (e.g. Woodhouse and Irwin, 1950). 
In other experiments applications of 0-3 per cent methylcholanthrene in acetone 
once weekly produced 62 persistent skin tumours (57 malignant) in 100 mice — 
treated. The tumours appeared at a mean time of 20 weeks. Hence there is 
nothing to suggest that the mice used here are in any way refractory to chemical 
skin carcinogens. It also confirms that the method of application was 
satisfactory. Throughout these experiments with cigarette tars the applications 
were made by one or other of the authors in person. 

A second variation, and possibly the most important one, is the brand of 
cigarette used to produce the tar. The brand used by the American workers 
miy yield a tar of different character from that obtained with British cigarettes. 
Some evidence supports the possibility of such difference. For example, as 
reported above, the neutral fraction obtained from the tar used here represented 
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about 25 per cent by weight of the crude tar. This is about one-half the amount 
obtained by Wright and Wynder (1955) in a similar fractionation. The value of 
this comparison is being investigated by determining the yields of tar and neutral] 
fraction obtained from American and British cigarettes under the same conditions 
of smoking, collection and extraction. Also tar from British cigarettes would 
appear to be not so “ caustic ’’ to mouse skin as American tars since no complica- 
tions were encountered from “ ulcerating lesions ” observed by Wynder, Graham 
and Croninger (1953) when using crude tar. Obviously if tar is producing suc) 
lesions then the additional factor of wound-healing is introduced. This can 
have very considerable effects on the yield of tumours by carcinogens as shown 
by Mackenzie and Rous (1941), and by Pullinger (1943). Finally in the albino 
mice used here the tar produced an appreciable degree of continued epilation in 
contrast to Wynder, who found rapid re-growth of hair. 

There are in addition a number of minor differences in the technique of 
collection and application of tars, but these seem insufficient to account for the 
considerable difference in the yield of tumours in the American and Britis! 
experiments. The total amount of tar applied per week was the same in both 
groups though the frequency of application differed. Particularly in the early 
months otf the experiment, the tar was rarely more than 4 to 5 weeks old when 
applied. If the supposition that the activity decreases with age is correct then 
this material might be expected to have been much more active than that used 
by Passey. Both products in fact gave the same negative biological results. 
Some further experiments to seek an explanation of the discrepancies between 
the British and American results are planned. 

The results in which mice had been treated with benzpyrene before painting 
with tar (Series 4) do suggest that tobacco tars may have some co-carcinogenic 
action. Alternatively the initial dose of benzpyrene may be just sufficient to 
bring the level of carcinogen beyond some threshold value. The value of these 
results must await confirmation with a larger series. If confirmed they could 
possibly be compared with the situation where man is exposed to a carcinogen 
such as benzpyrene from the atmosphere, to which is added the co-carcinogenic 
stimulus of tars from cigarette smoke. Gwynn and Salaman (1954) have 
reported tests for co-carcinogenic action of tar extracted from cigarette butts. 
No tumours were obtained in the 23 weeks that their experiments were continued. 


SUMMARY 


1, No tumours were obtained when tars from cigarette smoke were applied 
to the skin of mice and rabbits. 

2. Cigarette tar did not act as an “ initiator ” of carcinogenesis with respect 
to subsequent croton oil treatment but had a weak co-carcinogenic action in 
mice previously painted with benzpyrene. 

3. Differences between the results obtained and those of American workers 
may possibly be due to different types of cigarettes, yielding tars with different 
chemical compositions and biological properties. 


This work was carried out in the laboratories of the Birmingham Branch of 
the British Empire Cancer Campaign. 
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THE possibility that burning may play a role in the origin of certain cancers in 
man was suggested by Marjolin (1846). Subsequently a comprehensive study by 
Treves and Pack (1930) recorded twenty-nine cases of epidermoid and basal ce]! 
carcinomas arising in burn scars. These authors took particular note of the 
division of these cases into two groups, those with a relatively rapid onset following 
the burn, and those in which the carcinoma occurred as long as thirty-five years 
later. Several experiments on the possible effects of burning and heat in skin 
carcinogenesis have yielded contradictory results ; thus Kreyberg (1927) and Derom 
(1924) found no effect of cauterisation on tar tumor induction, although Bang 
(1925) induced two carcinomas in the mouse with cauterisation alone. Raposo 
(1928) and Choldin (1930) obtained contradictory results on the effects of hot 
rather than cold coal tar. Rondoni and Corbellini (1936) studied the effects of cauter- 
isation on skin carcinogenesis in the mouse with 1,2,5,6-dibenzacridine and had 
results suggestive of some augmenting effect. 

In a previous study (Shubik, 1950) the action of cauterisation on the skin of 
mice pretreated with a single subeffective dose of the carcinogen 9,10-dimethy]- 
1,2-benzanthracene (that is, as a promoting agent) has been examined with 
negative results. Since these experiments and clinical observations all seem to 
suggest a definite role for burning in the origin of some neoplasias a re-investigation 
of the problem has been undertaken. On this occasion burning has been studied as 
a possible initiating factor, using croton oil as the promoting agent. 

Since the question of anoxia in relationship to neoplastic change has often been 
raised (Warburg, 1930; Goldblatt and Cameron, 1953) it was decided to investi- 
gate the action of temporary occlusion of the blood supply to the skin of mice as 
another possible initiating stimulus. 


EXPERIMENTAL 


Swiss mice, originating at the Roscoe B. Jackson Memorial Laboratory and 
bred in this laboratory were used for the experiments. The mice used were all 
female, and were housed in plastic cages, fed a Rockland mouse diet and water 
ad libitum. 

Two groups of 30 mice each were burnt once in the interscapular region with 
an electric thermocautery ; the burn consisted of 4 parallel linear streaks approxi- 
mately 1-5 cm. in length and 0-5 cm. apart. One week later the burn, which had 
initially been slightly charred, had completely healed. At this time treatment with 
croton oil was begun in one of the groups ; the other group was left with no further 
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reatment. The croton oil (Boots, B.P.) was applied as a 5 per cent solution in 
mineral oil (Superla 34, Standard Oil of Indiana) twice weekly to the burnt area, 
vhich was kept free of hair by clipping with scissors. 

In the second portion of the experiment two groups of 30 Swiss female mice each 
vere again used. In all these mice the skin on the back in the interscapular region 
was rendered anoxaemic by clipping with a pair of artery forceps for 30 minutes ; 
this treatment led to the formation of petaechial haemorrhages grossly, and to 
cattered foci of necrosis in the epidermis that could be noted histologically. One 
veek after this treatment one group of mice was begun on croton oil treatment and 
the other received no further treatment. 

A control group of 40 Swiss female mice received only the croton oi] treatment. 


RESULTS 


The results of this experiment are recorded in Table I. It can be seen that the 
zroup of mice burnt initially and then treated with croton oil developed a total of 
33 tumors in 14 mice with an average latent period of 32 weeks. In the group just 
receiving a burn and no further treatment only 2 mice developed no tumors, 
either with or without croton oil treatment. The somewhat larger croton oil 
control group developed 8 tumors in a total of 5 mice. 


TaBLE I.—Initiating Action of Burning in Skin Carcinogenesis 


Initial Tumor- 
Initiating Promoting number bearing of period 
Group. __ treatment. treatment. of mice. mice. tumors. (weeks). 
1 Burn* Croton oilf. 30 14 33 32 
2 Burn* 30 2 2 64 
3 . Anoxiat . Crotonoilt . 30 
5 . Croton oilf . 40 5 8 28 


* Skin burnt once with an electrocautery in the dorsal region ; healing completed after one week. 
+ Anoxia locally induced by slipping the skin of the back with an artery forceps for 30 minutes. 
t Croton oil 5 per cent in mineral oil, painted twice weekly. 


CONCLUSIONS 


This experiment would seem to be in keeping with previous observations in 
indicating that burning constitutes a carcinogenic stimulus, if of somewhat low 
intensity. The two groups in this experiment are somewhat reminiscent of the 
two groups described clinically by Treves and Pack (1930) ; they found that some 
tumors appeared a short time after the initiating stimulus, whereas others occurred 
after a very long delay. It would seem reasonable to consider the possibility that 
some additional stimulus might influence the origin of these human tumors, in the 
same way that croton oil has been seen to stimulate the action of burns in these 
mice. The action of local anoxia, induced in the skin by mechanical means has not 
been found to play a role in carcinogenesis under the conditions of this experiment. 


SUMMARY 

1. Swiss mice were burnt once with an electro cautery and then treated with 
croton oil ; 14 of 30 mice were found to develop tumors. Burning alone was found 
to induce tumors in 2 of 30 mice receiving no other treatment. 
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2. The combination of local anoxia and croton oil treatment was studied and 
found to be ineffective as a carcinogenic stimulus. 


This investigation was supported by a cancer control grant (CS-9212) from the 
National Cancer Institute of the National Institutes of Health, U.S. Public Health 


Service. 
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THE INDUCTION OF THE INITIATING PHASE OF SKIN CARCINO- 
GENESIS IN THE MOUSE BY ORAL ADMINISTRATION OF 
URETHANE (ETHYL CARBAMATE) 


NECHAMA HARAN anp I. BERENBLUM. 


From the Department of Experimental Biology, The Isaac Wolfson Building, 
The Weizmann Institute of Science, Rehovoth, Israel 


Received for publication January 30, 1956 


WHILE repeated applications of a carcinogenic hydrocarbon to the skin of the 
mouse leads to the local development of papillomas and ultimately of carcinomas, 
a single application usually induces only the “‘ initiating phase ”’ of carcinogenesis. 
Except for the appearance of epidermal hyperplasia at the site, which is hardly 
distinguishable from that produced by ordinary irritation, the evidence of a 
specific “ initiating ”’ effect is demonstrated by the fact that tumours are elicited in 
such pretreated skin by subsequent applications of a “‘ promoting agent ” such 
as croton oil (Berenblum and Shubik, 1947, 1949). The difference in mechanism 
between the two stages is best illustrated by the observation that reversal of the 
sequence of the two actions fails to elicit tumours (Berenblum and Haran, 1955a). 
The current concept of the two-stage mechanism of carcinogenesis is that the 
initiating phase represents an irreversible transformation of a normal cell into a 
‘dormant tumour cell ”’, and that the promoting phase arises through a delay in 
maturation of these dormant tumour cells until a critical sized colony is reached 
(Berenblum, 1954). 

When using a carcinogenic hydrocarbon for initiating action a single application 
is necessary, otherwise the same compound would begin to act also as a promoting 
agent. However, the effect of urethane on the skin, even after long-repeated appli- 
cations, is restricted to initiating action (Graffi, Viamynch, Hoffman and Schulz, 
1953 ; Salaman and Roe, 1953 ; Roe and Salaman, 1954; Berenblum and Haran, 
19556). 

In contrast to the ‘“‘ incomplete ” carcinogenic action on the skin, urethane is 
capable of acting as a ‘‘ complete ’’ carcinogen on the lung both in mice (Nettleship 
and Henshaw, 1943) and rats (Jaffe, 1947), causing the development of adenomas 
in that organ. The effect, which is systemic, apparently involves a metabolic 

ntermediary (Rogers, 1955). Tumours have also been reported to develop in the 
liver of rats by the systemic action of urethane (Jaffe, 1947). 

The possibility that a metabolic intermediary was also involved in the case of 
the initiating action on the skin by urethane, called for exploration. As a first 
step, experiments were undertaken to test whether oral administration of urethane 
would render the skin responsive to the promoting action of topical applications 
of croton oil. 


NECHAMA HARAN AND I. BERENBLUM 


METHOD 


The mice used in these experiments were females of the Swiss strain, bred in these 
laboratories by brother-to-sister mating for about 14 generations. They were fed 
on Purina Laboratory Chow and water ad libitum, and kept in an air-conditioned 
room at 21—23° C. 

For the testing of systemic initiating action, 0-3 ml. of a 5 per cent aqueous 
solution of urethane was administered orally, by a polyethylene stomach tube, 
constituting 15 mg. per dose. Promoting action was by the standard procedure 
of twice-weekly applications of 5 per cent croton oil in medicinal liquid paraffin, 
to an area of skin of about 2 x 1} cm., in the region of the shoulder blades. The 
applications were made with a glass rod, after prior clipping of the hair with 
scissors. The resulting tumours were charted at their first appearance, and 
fortnightly thereafter. Papillomas that regressed within two weeks of their 
appearance were not listed in the final records. 


RESULTS 


In the first experiment (Group I, Table I), the initiating and promoting actions 
were given concurrently for 10 weeks (i.e. 10 weekly feedings of urethane and 20 
twice-weekly applications of croton oil), after which the croton oil treatment was 
continued for another 8 weeks. Not only did all the survivors develop tumours at 
the site of the croton oil applications, but the number of tumours averaged 12 per 
mouse (not counting those that had regressed). A photograph of one mouse of this 
series is shown in Fig. 1, in which 30 papillomas developed at the site of application. 

Since this experiment was complicated by the concurrent action of the urethane 
and the croton oil for the first 10 weeks (representing a test for cocarcinogenic 
rather than for initiating action), a second experiment was carried out, under 
identical conditions, except that the 36 twice-weekly applications of croton oil 
were begun 14 days after completion of the urethane treatment. In this 
experiment (Group II, Table I), 18 out of 22 survivors developed papillomas 
at the site of croton oil treatment, and the average number of tumours was 
2 per mouse. 

In a third experiment (Group III, Table I), a single feeding of urethane was 
followed, after 2 days, by 36 twice-weekly applications of croton oil to the skin. 
The tumour yield was similar to that of Group II, which received 10 feedings of 
urethane prior to the croton oil treatment. The results were : 27 out of 31 survivors, 
with an average tumour yield of 2-4 per mouse. 

In one control series (Group IV, Table I), 36 twice-weekly applications of croton 
oil were given without any urethane feeding beforehand. Two out of 30 survivors 
developed papillomas, the average tumour yield being 0-06 per mouse. 

In a second control series (Group V, Table I), urethane was fed for 45 weeks, 
once weekly, without eliciting any skin papillomas (though lung adenomas were 
found at autopsy in large numbers, as was to be expected). 


EXPLANATION OF PLATE. 


Fic. 1,—Swiss female mouse receiving 10 feedings of urethane concurrently with 20 topical 
applications of croton oil, followed by 16 applications of croton oilalone. Thirty papillomas 
are present at the site of applications. 
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TaBLE I.—Production of Skin Tumours in Mice by Oral Administration of Urethane 
Combined with, or Followed by, Topical Applications of Croton Oil. 


Average 
Mice number Average 
bearing of tumours 
Secondary papillomas / per 
treatment. treatment. survivors. animal. 
Croton ail x Croton oil x16 . 23/23. 12-0 
. Urethane x 10. » 18/22 2-0 


(Appe 
8th and 17th 
week) 

Urethane x 45. 0/37 . O -~ 


Urethane : 0-3 ml. of 5 per cent aqueous solution, once weekly by stomach tube. 
Croton oil: 5 per cent solution in liquid paraffin, applied twice weekly to skin of back. 


* Average latent period calculated from commencement of secondary treatment. 


DISCUSSION 


The results reported here represent the third example of the induction of the 
initiating phase of skin carcinogenesis by the systemic route : 

The first example was that of Ritchie and Saffiotti (1955) who showed that 
orally administered AAF (2-acetylaminofluorene) rendered the skin responsive to 
the promoting action of croton oil. The unusual feature of this observation is that, 
when applied topically, this compound fails to act as an initiating agent for the skin 


(Price, 1947). The most likely explanation of this is that a metabolic intermediary is 
involved in the action, and that this does not readily occur percutaneously. 

The second example of systemic initiating action for skin was by Graffi, 
Scharsach and Heyer (1955) who obtained the effect using DMBA (9 : 10-dimethyl- 
1; 2-benzanthracene) administered intravenously, intraperitoneally, or orally, 
followed by topical applications of croton oil to the skin. (Unaware of the latter 
publication, we carried out a similar experiment, administering DMBA by stomach 
tube in the form of a single dose of 3 mg. in polyethylene glycol-400. All the 26 
survivors developed tumours at the site of subsequent croton oil applications, with 
an average of 7 tumours per animal. The average latent period was 10 weeks from 
the commencement of the croton oil treatment.) These results are somewhat 
different from those obtained with AAF in that DMBA is a potent initiator for the 
skin when applied locally (and, of course, also a potent locally-acting carcinogen 
when applied repeatedly). 

The present results with urethane are, in a sense, different from both those 
of AAF and DMBA. Urethane resembles DMBA rather than AAF in displaying 
initiating action when applied locally ; yet it is non-carcinogenic for skin when 
acting alone. It resembles AAF in one important respect, however, in that its action 
on the skin, whether applied locally or reaching the tissue systemically, is devoid 
of any indication of epidermal hyperplasia or of any other histological evidence 
of cell stimulation or damage. 

This provides the most convincing evidence so far obtained against the notion 
that epidermal hyperplasia is an essential requirement in the initial phase of 
carcinogenesis. The belief in a ‘‘ preneoplastic hyperplasia ”’ has led to the hypo- 
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thesis of a “‘ field effect ” in the origin of epidermal carcinogenesis (Willis, 1948)—a 
concept at variance with the “ focal origin of a tumour ” implicit in the two-stage 
mechanism of carcinogenesis. The present results with urethane favour the focal 
origin of dormant tumour cells rather than the diffuse field effect hypothesis. 

The present results with urethane also have a bearing on the somatic cell 
mutation hypothesis of cancer. It has been shown (Bryan, Skipper and White, 
1949) that more than 95 per cent of urethane, injected into mice, are rapidly 
eliminated from the body, and that the remainder (as urethane or metabolite) is 
evenly distributed through the tissues of the body. Consequently, only a minute 
fraction of the 15 mg. of urethane, administered orally in the present experiments, 
could have found its way to the small area of skin in which evidence of initiating 
action was demonstrated. If one accepts, furthermore, that any “ neoplastic 
mutation ”’ could only represent a small fraction of all mutations produced one 
would have to assume an unbelievably high mutation rate to explain carcinogenesis 
(or the initiating phase of carcinogenesis) on the basis of a somatic mutation. 

Some reference should be made, in conclusion, to the similarity in tumour 
yield when a single dose and 10 weekly doses, respectively, were given prior to 
croton oil applications. The results are reminiscent of those obtained by Shubik 
and Ritchie (1953) following one, two, or three applications of DMBA to the skin, 
followed by croton oil applications. They failed to obtain a progressive increase 
in tumour yield, in contrast to the earlier results of Berenblum and Shubik (1949) 
that increases in the concentration of the initiating agent did yield corresponding 
increases in the number of tumours produced. No explanation of this discrepancy 
is available, nor of the fact that when the 10 feedings of urethane are given con- 
currently with croton oil treatment the tumour yield was strikingly greater. 


SUMMARY 


Urethane (ethyl carbamate), administered orally, is an effective initiating 
agent for the skin in mice, as manifested by the development of papillomas at 
the site of concurrent or subsequent croton oil applications to the skin. 
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THE DEVELOPMENT OF MALIGNANT TUMOURS OF MOUSE SKIN 
AFTER “INITIATING” AND “ PROMOTING” STIMULI 


I. THE EFFECT OF A SINGLE APPLICATION OF 9,10- 
DIMETHYL-1,2-BENZANTHRACENE (DMBA), WITH AND 
WITHOUT SUBSEQUENT TREATMENT WITH CROTON OIL 


F. J. C. ROE 
From the Cancer Research Department, London Hospital Medical College. London, E.1 


Received for publication January 19, 1956 


Muc# experimental work has been reported which supports the view that 
carcinogenesis is divisible into stages. For two of these the terms “ initiation ” 
and ‘“ promotion”, proposed by Friedewald and Rous (1944), have superseded 
others (for reviews of previous work, and terminologies, see Berenblum, 1944 ; 
Rusch, 1944; and Foulds, 1954). 

In the past decade many workers in this field have reported the induction of 
skin tumours in mice by treatment with a single application of a carcinogenic 
agent (the initiating stimulus) followed by a limited course of croton oil treatment 
(the promoting stimulus). (Mottram, 1944a, 1944b, 1945; Rusch and Kline, 
1946; Berenblum and Shubik, 1947a, 19476, 1949; Bielschowsky and Bullough, 
1949; Salaman and Gwynn, 1951; Salaman and Roe, 1953; Berenblum and 
Haran, 1955). In some of these experiments control mice were given treatment 
with an initiating dose of the carcinogen alone. Mice so treated developed few 
or no tumours during a period of observation limited, as a rule, to some 20 to 30 
weeks. In other experiments no such control group was included. Similarly, in 
experiments where control mice were given treatment with croton oil alone for a 
limited period, few or no tumours developed ; but again in several cases this 
control was omitted. 

It is, however, well established that skin tumours may arise after a single 
application of a carcinogenic agent (Findlay, 1925; Mider and Morton, 1939 ; 
Law, 1941; Cramer and Stowell, 1943; Bielschowsky and Bullough, 1949), 
though usually only after a long latent interval (Findlay, 1925). But it has never 
been established what proportion of tumours, benign or malignant, appearing in 
mouse skin after initiating and promoting stimuli would have arisen in the 
absence of the latter. 

Another phenomenon which has been insufficiently considered in work on 
initiation and promotion is that of regression of tumours. There is no doubt that 
of the tumours which appear on mouse skin after a single application of 
9,10-dimethyl-1,2-benzanthracene (DMBA) followed by a limited course of croton 
oil treatment, a considerable proportion regress (Shubik, 1950). Similar findings 
were reported for the rabbit’s ear, after various initiating and promoting stimuli, 
by Rous and his colleagues (Rous and Kidd, 1939, 1941 ; Mackenzie and Rous, 
1941 ; Friedewald and Rous, 1944). 

In this series of four papers the roles of initiator and promoter in the induction 
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of benign and malignant tumours of mouse skin will be reconsidered, using DMBA 
as the initiating agent and croton oil as the promoting agent. 

In the present paper an attempt is made to answer the question whether a 
limited course of croton oil treatment increases the final incidence of benign and 
malignant tumours which follow a single application of DMBA, when observation 
is prolonged till death. 


MATERIALS AND METHODS 


Mice.—Stock albino male mice of the “ § ” strain (Salaman and Gwynn, 1951 ; 
Salaman and Roe, 1953; Roe and Salaman, 1954, 1955) were used throughout. 
They were fed on cubes prepared according to the Rowett Institute formula 
(Thomson, 1930a, 19306), plus fresh greenstuff twice a week and water ad libitum. 

Before the experiment was begun mice were vaccinated on the tail with sheep 
lymph as a precaution against ectromelia : only positive reactors were used. 

The age of mice at the beginning of the experiments was between 7 and 9 
weeks. 

Chemical agents and solvents.—9,10-Dimethyl-1,2-benzanthracene (DMBA) 
was obtained from Messrs. L. Light and Co. 

The croton oil used was of the same batch used in previous experiments in this 
laboratory (Salaman and Gwynn, 1951; Salaman and Roe, 1953; Roe and 
Salaman, 1954, 1955). In the third paper of this series (Roe, 1956) it is referred 
toas Batch I. It was prepared from the seeds of Croton tiglium by simple expression, 
by Messrs. Stafford Allen and Sons, Ltd., 20 Wharf Road, London, N.1. 

Acetone was the solvent both for DMBA and croton oil. 

Technique of application.—The hair of the whole back from forelimbs to tail was 
clipped at the beginning of the experiment and subsequently when necessary. 
The solutions were delivered from calibrated pipettes, care being taken that they 
spread as evenly as possible over the clipped area. 0-2 ml. of the DMBA solution, 
and 0-3 ml. of the croton oil solution, were applied. 

Histological examination.—Biopsy specimens and tissues taken for section 
during post mortem examination were fixed in Zenker’s fluid, embedded in paraffin 
wax, and stained with haematoxylin and eosin-Biebrich scarlet (Salaman and 
Gwynn, 1951). 

EXPERIMENTAL 


Five groups of male mice were used in the experiment. The groups were 
derived from two batches: A and B. Batch B was received from the animal- 
breeder approximately three months after Batch A. The age of mice at the 
beginning of treatment was always between 7 and 9 weeks. Table I shows from 


TaBLe I.—T'reatment of Groups. 


Batch of | Number Secondary 
Group. mice. of mice. Primary treatment. Interval. treatment. 
1 A 30 . Single application of . — None 
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which batch mice of the different groups were derived, and the number of mice in 
each group. 

After successful vaccination on the tails with sheep lymph, and removal ot 
hair from the backs by clipping, all the mice were given a single application o 
0-2 ml. 0-15 per cent DMBA in acetone. Groups 1, 2, and 3 received no furthe: 
treatment. Groups 4 and 5 began a course of 18 weekly applications of 0-3 ml. 
0-5 per cent croton oil in acetone 4 weeks after the application of DMBA. 

During the course of croton oil treatment mice in Groups 4 and 5 were examined 
weekly for papillomata; after the end of treatment weekly examination was 
continued, but only malignant tumours were recorded. Mice of Groups 1, 2, and 3 
were examined weekly throughout the experiment for the presence of malignant 
tumours. When a mouse died, or was killed, a record was made of all benign and 
malignant skin tumours, including any outside the treated area. Occasionally, 
because the death of a mouse went unnoticed, skin tumours were rendered uncount- 
able by advanced post-mortem changes. Such mice were few, and were omitted 
from the results recorded in Tables IT and III. 

If, at the weekly inspection, a mouse was thought to have a malignant tumour 
of the skin, it was set aside for more frequent observation. When the naked-eye 
appearance of a tumour left no doubt that it was malignant, and it appeared 
operable, an attempt was made to remove it by biopsy under ether anaesthesia. 
The naked-eye assessment of malignancy was based on the following character- 
istics: ulceration, haemorrhage, an undermined edge, rapid expansion between 
successive observations, adherence to deep structures, and enlargement of the 
regional lymph node. Successful operative removal of such tumours made it 
possible for individual mice to develop multiple malignant tumours in sequence. 
Careful note was made of the position of scars, lest a local recurrence should be 
mistaken for a second malignant tumour. 

All apparently malignant, and many apparently benign, tumours were taken 
for histological examination. In addition regional lymph glands were taken for 
section from mice bearing (or which had borne before operative removal) 
apparently malignant tumours. 


EXPLANATION OF PLATES 


Fig. 1.—Carcinoma below the right eye of a mouse 48 weeks after a single application of 
9,10-dimethyl-1,2-benzanthracene (DMBA) to the skin of the back. There were also 2 
papillomata in the submandibular region: one of these can be seen in the photograph. 
x 3. 

Fic. 2.—Section of tumour shown in Fig. 1. Masses of carcinoma cells have infiltrated the 
subcutaneous tissues, and in one place have surrounded a nerve deep to a facial muscle. 
On the right is the large follicle of a vibrissa. x 20. 

Fic. 3 and 4.—Medium-power views of two areas in Fig. 2. Fig. 3 shows carcinomatous masses 
containing a few horny pearls; and Fig. 4, a nerve surrounded by a mass of carcinoma 
cells deep to facial muscle. x 50 

Fic. 5.—‘‘ Probably malignant ” tumour (see text, p. 66) below the left eye of a mouse 48 
weeks after a single application of DMBA to the skin of the back (Group 1). Note the 
proximity of this tumour to the follicles of the vibrissae. x 3. 

Fic. 6.—Section of a tumour in a mouse which had received one a of DMBA, followed 
by 18 weekly applications of croton oil. This tumour appeared malignant when first seen, 

41 weeks after the beginning of treatment. A carcinomatous mass is seen infiltrating the 

panniculus carnosus. x 20. 
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DEVELOPMENT OF TUMOURS OF MOUSE SKIN 


RESULTS 
1) The incidence of papillomata. 

In Groups 4 and 5 papillomata began to appear on the backs 8 weeks after 

‘he beginning of croton oil treatment, and increased in total number until the 
nd of treatment, though the weekly records indicate quite clearly that some 
umours disappeared during this period. Thereafter the total number of papil- 
mata on the backs gradually declined, though, as noted by Salaman (1952), a 
new Ones appeared. 

In Groups 1, 2, and 3 papillomata began to appear during the 30th week of the 

_xperiment. Most of these tumours were situated on the face or head, and only 
ew on other sites (backs, bellies, and limbs). The cheeks near the follicles of the 

ibrissae, the lips, the eyelids, the ears, and the mandibular region were the most 
-ommonly affected sites. Not all these tumours persisted until death. Throughout 
‘he period of observation tumours of sites other than the back were more numerous 
in Groups 1, 2, and 3 than in Groups 4 and 5. 

Table II shows the numbers of papilloma-bearing mice, and the mean numbers 
.f tumours per surviving mouse, at the end of croton oil treatment and at death. 
Standard deviations about the means are also given. The mean numbers of tumours 
on the backs of mice of Groups 4 and 5 at the time of death (i.e. about 60 weeks 
after the beginning of treatment) were between one-third and one-half the corre- 
sponding values at the end of croton oil treatment. In other words, between one- 
half and two-thirds of the papillomata originally present had disappeared. It 
will be noted that this regression of tumours after the end of treatment occurred 
in mice of both batches, A and B. 

The mean number of papillomata per mouse at the end of croton oil treatment in 
Groups 4 and 5 exceeded that attained at any time by mice of Groups 1, 2, and 3 ; 
but the difference was significant only when tumours on the treated areas alone 
were considered. 

The mean numbers of papillomata of all sites at death did not differ significantly 
between groups which had received croton oil treatment and those which had not. 

In considering the relation of these results to those of Berenblum and Shubik, 
it is necessary to bear in mind that the effect on papilloma-incidence of subsequent 
croton oil applications in mice treated with a single application of DMBA is 
clearly dependent on the time at which the observations are made. After the end 
of croton oil treatment the numbers of papillomata in Groups 4 and 5 gradually 
declined, but those in Groups 1, 2, and 3, which received no croton oil, gradually 
rose during the corresponding period. It would have been possible, by killing the 
mice after an arbitrary period shorter than the average life-span, to show an 
apparent positive influence of croton oil on papilloma-incidence at death similar 
to that observed by Berenblum and Shubik. Conversely, if the mice had lived 
longer than they did, and the observed trends had continued, croton oil treatment 
might have appeared to have had a negative influence. Under the actual con- 
ditions of this experiment, however, the most clearly marked difference at the 
time of death between mice treated with DMBA alone and those treated with 
DMBA followed by croton oil was not in the incidence of papillomata but in 
their site: in mice treated with DMBA alone the majority of papillomata were 
on the faces and heads, whereas in those treated with DMBA and croton oil 
umost all the tumours were situated on the backs. Mice of both batches (A 
and B) showed this difference in site of tumours at death. 
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(b) Incidence of malignant tumours 

The histological criterion of malignancy for tumours on the back was infiltra- 
tion of the continuous layer of muscle situated on the deep surface of the dermis, 
namely, the panniculus carnosus. For tumours on the face, infiltration of the 
facial muscles was the criterion. A few tumours showed other indications of 
malignancy (e.g. ulceration, anaplasia, and infiltration of the dermal collagen), 
but failed to fulfil the chosen criterion ; these were called ** probably malignant ”’. 

Table III shows the numbers of mice bearing malignant tumours, and the 
numbers, sites, and mean time of appearance, of malignant tumours in the different 
groups. The first malignant tumour to appear was in a mouse of Group 4 during 
the 36th week after treatment with DMBA. In all groups mice which died or were 
killed before the 36th week were excluded from the table. As stated above, a few 
mice could not be examined satisfactorily for tumours at death because of advanced 
post-mortem changes ; these mice were also excluded. The time of appearance of a 
malignant tumour was arrived at retrospectively : when a tumour was found to 
be malignant on histological examination the weekly records immediately prior 
to the date of biopsy or death were consulted, and the date when the tumour was 
first thought to be malignant on naked-eye examination was taken to be its time 
of appearance. The incidence and sites of ‘‘ probably malignant *’ tumours in the 
different groups is shown in the last column of the Table. 

Among the 47 survivors of Groups 1, 2, and 3 (DMBA only), 6 bore malignant 
and 4 * probably malignant ” tumours. No mouse bore more than one such 
tumour, nine of which were on the face or head ; the remaining tumour, a “‘ prob- 
ably malignant ’’ one, was in the scapular region. The mean latent interval 
between treatment with DMBA and the appearance of the definitely malignant 
tumours was 55-3 weeks with a standard deviation of + 4-7 weeks. Fig. 1-4 show 
one of the malignant tumours of the face as it appeared to the naked eye and 
microscopically. Fig. 5 shows the naked-eye appearance of a ** probably malignant” 
tumour of the face. 

Among the 21 survivors of Groups 4 and 5 (DMBA followed by croton oil), 13 
malignant tumours appeared on the back and | on the face. There were no 
‘ probably malignant ”’ tumours in these groups. Altogether 8 mice bore malignant 
tumours: 1 bore 3 tumours, 4 bore 2 tumours, and 3 bore one tumour each. The 
mouse with the facial tumour had no other malignant tumours. The mean latent 
interval between treatment with DMBA and the appearance of malignant tumours 
on the back was 46-3 weeks with a standard deviation of + 2-5 weeks. The facial 
tumour appeared after an interval of 53 weeks. 

All the malignant tumours were of epithelial origin. All grades from well- 
differentiated squamous-cell carcinomata to highly anaplastic tumours were 
encountered. 

Of the mice bearing definitely malignant tumours in Groups 1, 2, and 3, two 
had metastases in the lymph glands of the neck. One of the mice in Group 4, 
and | in Group 5, bearing malignant tumours on the back, had metastases in the 
regional (i.e. axillary or inguinal) lymph glands. No metastases at more distant 
sites were found. 

There was evidence, either from the preceding weekly records, or from the 
histological appearance, that the majority of malignant tumours arose in pre- 
existing papillomata. A few, however, appeared malignant from the time they 
were first seen. Fig. 6 shows a section of such a tumour. 
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(c) Relation between incidence of papillomata and carcinomata 


The results suggested that there was a relation between the site of occurrence 
of papillomata and carcinomata. Groups 1, 2, and 3, which had most papillomata 
on the face or head at death, also had most carcinomata on this site. Similarly, 
Groups 4 and 5, which had most papillomata on the backs, also had most malignant 
tumours on this site. 

The correlation coefficient (r) between the number of papillomata and the 
number of carcinomata, on individual mice, was calculated (Snedecor, 1946, p. 
138). Values of r between 0 and + 1-0 indicate a positive correlation between the 
variates, and values between 0 and — 1-0 a negative correlation. When r is zero 
the two variates are uncorrelated. The probability (P) that a correlation between 
the two variates, at least as big as the observed value, would have occurred by 
chance is given in tables for r under the heading of the appropriate number of 
degrees of freedom (n — 2, where n is the number of mice). 

Firstly a correlation table was prepared for mice of Groups 1, 2, and 3. In this 
case the two variates were the number of benign tumours, and the number of 
malignant tumours, on the face and head of individual mice at death. The calculated 
value for r in this test was + 0-09 on 45 degrees of freedom. This slightly positive 
correlation between the two variates did not reach the customary 5 per cent level 
of significance. 

In a second test the two variates were the number of papillomata on the backs 
of individual mice of Groups 4 and 5, at the end of croton oil treatment, and the 
number of definitely malignant tumours which subsequently arose on the backs of 
the same mice. The calculated value for r was + 0-57 on 19 degrees of freedom, 
and the probability (P) that this positive correlation would have occurred by 
chance was less than | per cent. 

A final test was made for correlation between the number of papillomata on 
individual mice of Groups 4 and 5 at death, and the total number of malignant 
tumours on the same mice. Again, a significantly positive correlation was found 
(r = + 0-465 on 19 degrees of freedom, 0-01 << P < 0-05). 

An observation reported by Shubik (1950) is relevant at this point : he stated 
that when a mouse developed a malignant tumour of the skin, many of its benign 
tumours regressed. In the present series (Groups 4 and 5) the regression rate of 
papillomata following the end of croton oil treatment was not significantly different 
in mice which developed malignant tumours and in those which did not, namely 56 
per cent in the former and 57-5 per cent in the latter. The numbers of animals in 
this series was small for such a comparison, but in a similar and much larger series 
(to be described in a later paper, Salaman and Roe, 1956) the papilloma-regression 
rate was actually higher in mice without malignant tumours than in those with’ 
them, namely 17 per cent and 10 per cent, respectively. (The period between the 
end of treatment and death was considerably shorter in this case.) There was 
virtually no difference in the average survival-time between the two classes in 


either of these series. 


CONCLUSIONS 


After a single application of 0-2 ml. 0-15 per cent DMBA to the backs of mice of 
the “‘S ” strain, there appeared many benign and a few malignant tumours. The 
majority of the benign, and all the malignant, tumours arose from the skin of the 
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face and head, i.e. outside the treated area. The first benign tumour appeared 30 
weeks after the application of DMBA, and the first malignant tumour some 15 
weeks later. Spontaneous tumours of the skin are a rarity in untreated “S” 
strain mice (unpublished data), and it is reasonable to conclude that the tumours 
were the result of the treatment. 

A course of 18 weekly applications of croton oil following a single application of 
DMBA evoked the formation of numerous papillomata on the backs of mice, from 
the 8th week onwards, but between one half and two thirds of these tumours 
disappeared during the 30- to 40-week period which elapsed between the end of 
croton oil treatment and death. Only one papilloma appeared outside the treated 
area in these mice. The total number of papillomata of all sites at death was little 
affected by the administration of croton oil : a higher incidence of tumours on the 
treated areas in croton oil-treated mice being almost completely offset by a higher 
incidence of tumours outside the treated areas in mice which received no croton oil. 
In other words, application of croton oil determined the site, and accelerated the 
appearance, of papillomata following a single application of DMBA ; but because 
of the late appearance of papillomata in mice treated with DMBA only, and 
their regression after the end of treatment in those which received croton oil after 
DMBA, there was no significant difference in the numbers of papillomata of all 
sites at death between groups which received croton oil and those which did not. 
If the experiment had been terminated earlier the mice treated with croton oil 
after DMBA would have apparently had a higher incidence of papillomata than 
those treated with DMBA only. Such a result would have been in keeping with 
that of Berenblum and Shubik (19472). 

Administration of croton oil determined the site and time of appearance of 
malignant tumours following treatment with DMBA, and in addition increased 
the incidence of mice bearing these tumours from 13 to 38 per cent. The fact that 
benign tumours may regress but malignant tumours do not is perhaps responsible 
for the latter effect. 

Those mice in Groups 4 and 5 which had the most papillomata at the time 
croton oil treatment was stopped subsequently developed significantly more 
malignant tumours than those which had few or no papillomata at that time. 
There is thus a positive correlation between the incidence of benign and malignant 
tumours in individual mice. 

These results will be further discussed in another communication (Salaman and 
Roe, 1956). 


SUMMARY 


1. Mice treated with a single application of 0-15 per cent 9,10-dimethyl-1,2- 
benzanthracene (DMBA) to the skin of the back followed by a course of 18 weekly 
applications of 0-5 per cent croton oil were observed till death. 

One week after the end of croton oil treatment many papillomata were present 
on the treated areas. Thereafter 14 malignant tumours appeared, 13 on the treated 
areas and one on the face ; most of these developed in pre-existing papillomata. 
Over a half of the papillomata disappeared before death. 

There was a significant positive correlation in individual mice between the 


number of papillomata at the end of croton oil treatment and the number of 


malignant tumours which subsequently appeared. 


I 


1 
1 
é 
t 
\ 
ay I 
I 
F 
( 
F 
L 
) 
M 
R 
Ie 
R 
a R 
Ie 
a 


DEVELOPMENT OF TUMOURS OF MOUSE SKIN 69 


2. In mice which received a single application of DMBA without subsequent 
treatment papillomata began to appear at the 30th week, and increased in number 
till death. Less than half these tumours were on the treated areas ; most of the 
rest were on the face and head. Six malignant and 4 probably malignant tumours 
appeared : all were on the face or head, except for one “‘ probably malignant ” 
tumour which was on the treated area. 

3. Discussion of these results is deferred to a subsequent communication. 


The author gratefully acknowledges his debt to Miss O. M. Glendenning, Mr. 
W. J. Milton, Mr. J. A. Rawlings and Mr. D. A. Woodcock for their skilled tech- 
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SuuBik (1950) found that a single application of 9,10-dimethyl-1,2-benzan- 
thracene (DMBA) followed by repeated applications of croton oi] gave rise to 
more benign and less malignant tumours than did repeated applications of DMBA. 
One of the several possible explanations of the different incidence of malignant 
tumours in these two treatment groups is that croton oil inhibited the production of 
malignant tumours by DMBA. This possibility is mentioned by Foulds (1954), 


who reviews the evidence for stages in carcinogenesis, and for what he has 
called ‘* tumour-progression ’’, in mouse skin and other tissues. The experiment 
to be described in this paper was intended to test this possibility. 


MATERIALS AND METHODS 


The materials and methods used were essentially the same as those described in 
the first paper of this series (Roe, 1956a). 


EXPERIMENTAL 


Thirty-nine male albino mice of the ‘“S” strain, aged 7 to 9 weeks, after 
successful vaccination on the tail, were divided at random into two groups of 19 
and 20 (Groups | and 2 respectively). 

Both groups were given a single application of 0-2 ml. 0-15 per cent DMBA in 
acetone to the clipped skin of the back. Beginning 26 days later, both groups were 
given a course of 13 weekly applications of 0-3 ml. 0-03 per cent DMBA in acetone. 
Mice of Group 2 were given, in addition, a course of 21 weekly applications of 
0-3 ml. 0-5 per cent croton oil (“‘ Batch I’ croton oil was used, see Roe, 1956) in 
acetone beginning on the 22nd day of the experiment : applications of croton oil 
and of the dilute DMBA alternated at 3- to 4-day intervals until the last application 
of the latter had been given. 

The first malignant tumours to appear in individual mice were, whenever 
possible, removed by biopsy under ether anaesthesia. The site of scars resulting 
from biopsy were noted (see Roe, 1956a ; p. 64). 


70 

) 
) 
t 
Vv 

J 
n 
a 

[ 

0 

t| 

a 
7 

a 
Ss 


DEVELOPMENT OF TUMOURS OF MOUSE SKIN 


RESULTS 


‘ncidence of malignant tumours 

The first malignant tumour appeared in Group 2 on the 96th day. One mouse 
in Group.1 died before the 96th day and was excluded from the results, leaving for 
consideration 18 mice in Group 1 and 20 in Group 2. The experiment was 
erminated, and all surviving mice killed, on the 163rd day ; but several mice died, 
wr had to be killed because of multiple malignant skin tumours, before this date. 
he average survival time of the 18 mice in Group | was 152 days, and that of the 
) mice in Group 2, 151 days. 

Ten of the 18 mice in Group 1, and 18 of the 20 in Group 2, bore malignant 

‘umours of the skin. Altogether 26 such tumours were seen in Group | and 38 in 

‘roup 2 ; all these were confirmed histologically, using the criterion of penetration 
if the panniculus carnosus. In addition, 6 “ probably malignant ” tumours (see 
oe, 1956a, p.66, for definition) were seen in Group 1, and 8 in Group 2. Metastases 
were seen in the regional lymph nodes of two mice in Group 2. The highest number 
f definitely malignant tumours seen in an individual mouse of either group was 
six. Eight mice in Group | and 10 in Group 2 had their first malignant tumours 
removed at biopsy. 

The average latent interval between the beginning of treatment and the 
appearance of malignant tumours was approximately the same for both groups 
(130-3 days in Group 1, and 134 days in Group 2). 

A significance test for the difference between the mean numbers of malignant 
tumours in Group | and in Group 2, gives t = -79, on 36 degrees of freedom, a 
value which could be exceeded by chance with a probability of P = 0-5. 


CONCLUSION 

The incidence of malignant tumours in mice treated repeatedly with DMBA 
was not diminished by concurrent croton oil treatment ; on the contrary it was 
slightly but not significantly increased. The average latent interval of induction of 
malignant tumours was unaltered by croton oil treatment. 


SUMMARY 

1. Two groups of mice were treated with one application of 0-15 per cent 
DMBA followed, after a 26-day interval, by a course of 13 weekly applications of 
0-03 per cent DMBA. One group received in addition 21 weekly applications of 
5 per cent croton oil, alternating at first with those of the dilute DMBA. 

2. The incidence of malignant tumors was higher in the group which received 
croton oil treatment, though not significantly so. 

3. This result gives no support to the suggestion that croton oil may inhibit 
the induction of malignant tumours in mouse-skin by DMBA. 

Our thanks are due to Mr. W. J. Milton and Mr. D. A. Woodcock for technical 
assistance, and to Mr. J. A. Rawlings for his care of the animals. 

The expenses of this research were partly defrayed out of a block grant from 
the British Empire Cancer Campaign. 
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PapiLLomata have been observed in mice treated with croton oil only (Beren- 
blum, 1941 ; Salaman and Gwynn, 1951). The latter authors observed one tumour 
which they considered to be malignant. Recently, malignant skin tumours 
following this treatment have been reported by Roe and Salaman (1955) and 
Boutwell, Rusch and Bosch (1955). 

The purpose of the present experiment was to determine whether benign or 
malignant tumours would appear during or after a limited course of treatment 
with croton oil such as had been used in previous experiments (Rusch and Kline, 
1946 ; Berenblum and Shubik, 1947a, 1947b, 1949; Salaman and Gwynn, 1951 : 
Salaman and Roe, 1953: Berenblum and Haran, 1955), or as a result of much 
more prolonged treatment with croton oil. 

The first group of 20 mice included in the present communication have been 
referred to previously (Roe and Salaman, 1955). These mice were given 72 weekly 
applications of 0-3 ml. 0-5 per cent croton oil in acetone to the skin of the back, 
and at the time of the previous report had developed 3 malignant tumours of the 
skin (at 55, 67, and 72 weeks, respectively). Further malignant tumours have 
subsequently arisen in the mice which were still alive at that time: these are 
described below. 

In the same report the incidence of pulmonary tumours in mice treated with 
croton oil only was discussed (Roe and Salaman, 1955, p. 196). Further data on the 
incidence of these tumours is now given. 


MATERIALS AND METHODS 


Croton oil_—Two batches of croton oil were used, the first (Batch I) has been 
used in experiments in this laboratory for several years (Salaman and Gwynn, 
1951; Salaman, 1952; Salaman and Roe, 1953: Roe and Salaman, 1954; Roe, 
1955). 

The second (Batch II) was obtained in 1954 from the same source as Batch I, 
namely Messrs. Stafford, Allen and Sons, Ltd., 20, Wharf Road, N.1. Both batches 
were prepared from the seeds of Croton tiglium by simple expression. Batch II 
has been found to be slightly more irritant to the skin than Batch I. The concen- 
tration of croton oil applied to different groups of mice, which in some cases 
formed control groups for other experiments, was influenced by the sensitivity of 
mice to the irritant action of the batch of oil used. 

Further details of materials and methods are fully described in the first paper of 
this series (Roe, 1956; p. 62). 
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EXPERIMENTAL 


Six groups of 20 mice were used in the experiment. They were treated with 
roton oil as follows (see also Table I) : 

Group 1 were given 72 weekly applications of 0-5 per cent Batch I oil, and 
‘bserved until the mice were all dead. 

Group 2 were given 18 weekly applications of 0-5 per cent Batch I oil, and killed 
hortly after the end of treatment, in order to observe the incidence of pulmonary 
.denomata at that time. 

Group 3 were given 18 weekly applications of 0-5 per cent Batch I oil, and there- 
fter kept under observation without treatment. It is now 50 weeks since treatment 
vas begun (i.e. 32 weeks from the end of treatment) and 18 mice are still alive. 

Group 4 received successively, | application of 0-17 per cent, 2 applications 

f 0-1 per cent, and 15 applications of 0-17 per cent Batch II oil, at weekly intervals. 
(he concentration of the second and third applications was reduced to 0-1 per cent 
yecause the first application of 0-17 per cent caused ulceration followed by 
cab-formation in some of the mice. The fourth and subsequent applications 
at a concentration of 0-17 per cent were, however, well tolerated. These mice 
have also been kept under observation since the end of treatment. It is now 42 
weeks since the beginning of treatment (i.e. 24 weeks from the final application 
of croton oil) and 14 mice are still alive. 

Groups 5 and 6 are still under prolonged treatment with weekly applications 

of Batch II oil: Group 5 at a concentration of 0-17 per cent, and Group 6 at 0-5 
per cent. Treatment is at present in its 43rd week, and there are 8 survivors in 
Group 5 and 13 in Group 6. 


TaBLE I.—The Incidence of Papillomata following Treatment with Croton Oil Alone. 


Incidence of Incidence of 
papillomata 18 weeks after papillomata 42 weeks after 
Weekly treatnent the beginning of treatment. the beginning of treatment. 
with croton oil. r ~ 
Number Number 
Concen- Number of Total of Total 
Number Batch tration of Number tumour- number Number tumour- number 
of of oil in appli- of bearing of of bearing of 
Group. mice. used.* acetone. cations. survivors. mice. tumours. survivors. mice. tumours. 
1 —_— 2 I 0-5% 72 ° 20 1 3 19 8 18 
2 < I 0-5% 18 17 1 3 — _ 
3 SS I 0-5% 18 ° 20 1 1 19 0 0 
4 — 2 II 0-17%t 18 ° 19 4 4 14 1 ] 
5 — Il 0-17% “oF... 17 0 0 8 5 12 
6 20. IL 0-5% 42¢ . 19 4 4 13 6 15 
* See p. 72. 


+ These mice are still under treatment. 
t 2nd and 3rd weekly applications were 0-1 per cent only (see text, this page). 


RESULTS 
(a) The incidence of papillomata of the skin 

The incidence of papillomata in each group one week after the 18th application 
of croton oil is shown in Table I. In all except one of the six groups (Group 5) 
papillomata were present at this time ; but in no group was the incidence as high 
as 1 tumour per 4 surviving mice. 

Mice of Groups 3 and 4, which are still under observation, 32 weeks and 24 
weeks, respectively, after the end of a course of 18 applications of croton oil, have 
developed no new tumours since the end of treatment. Four out of 5 of the 
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papillomata which were present in these mice at the end of treatment have disap- 
peared. 

Mice of Group 1 steadily accumulated papillomata until croton oil treatment 
came to anend at the 72nd week. By that time there were 10 survivors, of which 5 
bore papillomata. The numbers of papillomata borne by the individual mice were 
13, 8, 7, 6 and 3, respectively. All papillomata arose on the treated areas of skin. 
During the 8 weeks immediately following the end of croton oil treatment 7 more 
papillomata appeared. Four of these new tumours arose in a mouse which had 
previously had none. After the 80th week of the experiment no more tumours 
appeared, in fact several disappeared. 
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Fic. 3.—Development of papillomata in mice during weekly croton oil treatment (Group 1). 
Mean number of papillomata per surviving mouse is plotted against time during the period 
of weekly applications of croton oil. Numbers of survivors of the original 20 mice are shown 
in brackets. 


Fig. 1 and 2 depict 2 mice of Group 1 with papillomata. Fig. 3 shows the mean 
numbers of papillomata per surviving mouse throughout the period of croton oil 
treatment. 

Mice of Groups 5 and 6 are still under treatment with croton oil. At the time of 
writing they have received 42 weekly applications. Papillomata are steadily 
accumulating in both groups, and their incidence curve has so far closely followed 
that previously observed in Group 1 (Fig. 4). 


(b) The incidence of malignant tumours of the skin 

Malignant tumours of the skin appeared on the backs of 6 mice of Group |. 
One mouse bore 2 malignant tumours. The malignant character of all these 
tumours was confirmed histologically, using the criterion of penetration of the 
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; anniculus carnosus (Roe, 1956 ; p. 66); all were carcinomata. Metastases were 
; resent in the regional lymph glands of 2 mice. The first carcinoma appeared 
curing the 55th week of treatment, and the mean interval between the beginning 
f treatment and appearance of malignant tumours was 78-1 weeks (S.D.= + 7:1 
eeks). 

Fig. 5 shows the back of the mouse from Group 1 which bore two malignant 
‘ umours, and Fig. 6 to 9 show the histological appearances of these two tumours. 

No malignant tumours have so far appeared in Groups 3 to 6, which are still 
-nder observation. 
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40 


Fie. 4.—Development of papillomata in mice treated with different batches of croton oil. 
x————x Group 1: Weekly applications of 0-3 ml. 0-5 per cent Batch I croton oil 
in acetone. 


© Group 5: Weekly applications of 0-3 ml. 0-17 per cent Batch II croton 
oil in acetone. 


@ Group 6: Weekly applications of 0-3 ml. 0-5 per cent Batch IT croton oil 
in acetone. 
Numbers of survivors are shown in brackets. 


The question arises whether the tumours which appeared in these mice have 
heen due to accidental contamination with carcinogenic substances, which were 
being used in the laboratory at the time. In spite of careful precautions this 
possibility cannot be excluded. However there are some indications from the 
results that contamination is not likely to have contributed to the tumour produc- 
tion observed. For instance, mice of Group 1 were housed during croton oil treat- 
ment in two separate cages, each of which contained 10 mice. The incidence and 
rate of development of papillomata was very similar in the two cages (Fig. 10). 
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Three malignant tumours occurred in one cage after an average latent interval of 
75:3 weeks, and 4 in the other after 74-0 weeks. If accidental contamination wit}, 
a powerful carcinogen, such as DMBA, contributed to the induction of benign oy 
malignant tumours in these mice, its timing and degree must have been similar fo: 
each cage, which is unlikely. 
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Fic. 10.—Development of papillomata during croton oil treatment in mice housed in two 
different cages. The mice of Group | were housed, throughout the period of the experiment, 
in separate cages, each of which originally contained 10 mice. The mean number of papillo- 
mata per surviving mouse for each cage is plotted against time. Numbers of survivors are 
shown in brackets. 


EXPLANATION OF PLATES 


Fic. 1.—A large, pedunculated papilloma and a clearly defined patch of irregularly thickened 
skin on a mouse 65 weeks after the beginning of weekly applications of croton oil (Group 1). 


Fic. 2.—Papillomata on the back of a mouse 52 weeks after the beginning of weekly applica- 
tions of croton oil (Group 1). 


Fic. 5.—Two carcinomata on the back of a mouse treated with 72 weekly applications of croton 
oil, 12 weeks after the end of treatment (Group 1). 


Fic. 6-9.—Photomicrographs of the two carcinomata shown in Fig. 5. 

One of these tumours (Fig. 6 and 7) was a well-differentiated squamous-cell carcinoma which 
had penetrated the panniculus carnosus at one point. This point is indicated by an arrow in Fig. 6, 
and may be seen under higher magnification in Fig. 7. 

The second tumour (Fig. 8 and 9) consisted mostly of undifferentiated pleomorphic cells, though 
parts showed more differentiation. Penetration of the panniculus carnosus, which occurred over « 
wide area, is illustrated in Fig. 9, a higher power view of the spot indicated by an arrow in Fig. 8. 

(Staining: Haematoxylin and Eosin-Biebrich-scarlet (Salaman and Gwynn, 1951). Magni- 
fication: Fig. 6 and 8, x 35; Fig. 7 and 9, x 288.] 
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(c) The incidence of pulmonary adenomata 


In a previous communication (Roe and Salaman, 1955; p. 196) a preliminary 
:2port was made concerning the incidence of lung tumours in the group of mice 
\-hich form Group | of the present paper. It was stated there that of the 15 mice 
v hich had died to date, “‘ 10 bore no adenomata and the remaining 5 bore 20, 3, 
:, 1 and 1, respectively ”. These figures were based upon the naked-eye examina- 
tion of lungs at post-mortem, which is very seldom misleading. In this case, 
|] owever, subsequent histological examination of the lungs showed that in the mouse 
cated to have 20 lung adenomata these were in fact masses of lymphoid cells. Histo- 
| gical examination confirmed naked-eye diagnosis in the other four mice. 

Post-mortem examination of the remaining 5 mice of this group revealed one 
adenoma only. 

The incidence of lung adenomata in the 17 mice of Group 2 which were killed 
» weeks after the end of croton oil treatment was as follows : 6 mice bore a total of 
+ adenomata of | mm. diameter or larger. 

This incidence of lung tumours in mice after 18 weekly treatments with croton 
oil (Group 2), or after a much longer course (Group 1), is well within the normal 
incidence for untreated mice of the same strain (unpublished data). 


CONCLUSIONS 


Eighteen weekly applications of croton oil to the backs of mice regularly 
induced the formation of a few papillomata. Almost all these tumours disappeared 
when the mice were thereafter kept without treatment. When croton oil treatment 
was prolonged to 72 weeks the incidence of papillomata steadily increased, and 
carcinomata eventually appeared. The incidence of pulmonary tumours was not 
increased by application of croton oil to the skin. These results will be discussed in 
another communication (Salaman and Roe, 1956). 


SUMMARY 


1. Six groups of 20 mice have been given from 18 to 72 weekly applications of 
croton oil dissoved in acetone to the skin of the back. 

2. Papillomata were seen in 5 out of the six groups after 18 weekly applications 
of croton oil. When no further treatment was given almost all these tumours 
disappeared. When weekly treatment was continued the incidence of papillomata 
steadily increased. 

3. Two different batches of croton oil were used ; 3 of the groups were treated 
with each batch. Tumour production by the two batches was similar. 

4. Seven histologically proven malignant tumours were seen amongst 20 mice 
alter 55 to 72 weekly applications of croton oil. 

5. The incidence of lung adenomata was not increased by application of croton 
oil. 

6. Discussion of these results is deferred to another communication (Salaman 
and Roe, 1956). 


The author expresses his thanks to Mr. F. V. Welch, Miss O. M. Glendenning, 
and Mr. D. A. Woodcock for skilled technical assistance. The expenses of this 
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research were partly defrayed out of a block grant from the British Empire 
Cancer Campaign. 
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IV. COMPARISON OF THE EFFECTS OF SINGLE AND 
DIVIDED INITIATING DOSES OF 9,10-DIMETHYL-1,2- 
BENZANTHRACENE (DMBA) 
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THE experiment described below was designed specifically to test whether the 
incidence of malignant tumours in mice treated with a small dose of 9,10-dimethyl- 
|.2-benzanthracene (DMBA) followed by a course of croton oil could be increased 
ly splitting the dose of the former into two halves. Five test groups, in which the 
interval between the application of the two half doses ranged between | hour 
and 10 weeks, were set up. Another group was given the same dose of DMBA 
in a single application. On the assumption that the malignant condition is the 
result of two or more successive changes in a susceptible cell, it is to be expected 
that two applications of a carcinogen are more likely to produce it than one. It 
was hoped that the above experiment would show whether the division of an 
initiating dose of DMBA into two half doses favoured the appearance of malignant 
tumours (after subsequent promotion by croton oil) and, if so, what was the optimal 
interval between the half doses. 


MATERIALS AND METHODS 


These were essentially the same as those described in the first paper of this 
series (Roe, 1956a). 


EXPERIMENTAL 


Sixty male and 60 female mice were divided into 6 equal groups consisting of 
10 mice of each sex. 

As shown in Table I, all groups received treatment with DMBA.and croton oil, 
and the total doses of both substances applied was the same throughout. Mice of 
Group 1 received a single application of DMBA on the first day of the experiment. 
Mice of Groups 2 to 6 received the same dose of DMBA divided into two applications 
(by halving the concentration), one on the first day and the second after intervals 
of | hour, 1 day, 4 days, 3 weeks, and 10 weeks, respectively. In all 6 groups 
weekly application of croton oil was begun on the 92nd day of the experiment, 
and stopped when 15 applications had been given. 

Mice were examined for the presence of tumours, and the numbers seen were 
charted weekly, until one week after the final application of croton oil. 
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All the survivors at the end of croton oil treatment were kept and examined 
iegularly, and special note was made of tumours which showed any of the naked- 
cye appearances suggestive of malignancy. The criteria used have been described 
(Roe, 1956a). As soon as it was considered that a tumour was definitely malignant, 
tne mouse was killed. 

Post-mortem examination was carried out on all mice which were killed because 
cf malignant skin tumours, or because of loss of condition from other causes. 
* kin tumours were counted, pictorial charts made of their position and appearance, 
ond the pelts preserved. Sections were later taken of all tumours which appeared 
1 ialignant, or possibly malignant, and from many apparently benign tumours as 
vell. After this selection had been examined histologically, another survey of the 
jelts was made: the largest remaining tumours were taken from all malignant- 
t umour-bearing pelts and from a similar number of pelts on which no malignant 
t mour had previously been detected. 

In addition to tumours, lymph glands draining sites of malignant tumours, and 
organs which showed any pathological changes, were sectioned. 


RESULTS 
|. Incidence of malignant tumours 


Of the 106 mice which survived until one week after the final (15th) weekly 
application of croton oil no less than 43 (40-5 per cent) later developed histologically 
malignant tumours, the criterion of malignancy being penetration by the tumours 
of the panniculus carnosus (Roe, 1956a). Of these, 6 mice bore 2 malignant 
tumours each. Thus a total of 49 malignant tumours of the skin were observed. 
Of these, 40 were carcinomata and 9 were spindle-celled sarcomata. Considerable 
difficulty was encountered in making this distinction in some cases, for although the 
epithelial origin of the majority of the carcinomata was not in doubt, a few 
consisted almost entirely of undifferentiated spindle-shaped cells. One such 
tumour was thought to be a sarcoma until an obviously carcinomatous metastasis 
was observed in the regional lymph node. In the final assessment early naked-eye 
appearances were taken into account: only those tumours which arose and 
expanded subcutaneously, with or without some ultimate ulceration, and which 
had the histological appearance of spindle-cell sarcomata, were classed as sarcomata. 
Most tumours which proved to be obvious carcinomata histologically had shown 
early ulceration and typically undermined edges. In those which had shown these 
naked-eye characteristics, but which were later found to consist of undifferentiated 
spindle-cells, it always proved possible to discover, after prolonged microscopical 
examination, small foci of cells indubitably of epithelial origin. The 9 sarcomata 
were distributed fairly evenly throughout the groups (1, 2, 1, 3, 1, and 1, in Groups 
| to 6 respectively) and occurred in both sexes (5 in males and 4 in females). 

Metastases were seen in the regional lymph nodes of 4 mice. One of these, 
which bore both a carcinoma and a sarcoma, had a carcinomatous deposit in the 
regional lymph node and sarcomatous deposits in the spleen, liver, and heart. 
Another had a carcinomatous metastasis in the lung in addition to one in the 
rezional lymph node. 

In addition to the 49 frankly malignant tumours we observed a further 20 
“ »robably malignant ”’ tumours (Roe, 1956a). The distribution of these throughout 
the groups and between the sexes is shown in the final column of Table I. Eighteen 
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of these 20 tumours were of epithelial, and 2 of connective tissue, origin ; 1! 
occurred in mice which had one or more definitely malignant tumours in addition. 

Examination of sections from the second survey of the pelts, referred to above 
(p. 81), resulted in the discovery of no more definitely malignant, and only 4 
more ‘ probably malignant ” tumours; these are included in the figures given 
above. This result shows that no great underestimate of the incidence of malignant 
tumours had been made in the first survey, and that the final figures are not in 


serious error. 


2. Effect on incidence of malignant tumours of dividing the initiating dose into two 
halves 

The numbers of malignant tumours, and of malignant tumour-bearing mice 
in Groups | to 6 are shown in Table I. Groups 5 and 6 developed more malignant 
tumours than any of the other groups. Similarly the numbers of ‘“ probably 
malignant ’’ tumours, given in the last column of the table, are also highest ii 
these groups. Table I shows that the average survival in Group | was far bette: 
than that in any other group. Nevertheless the incidence of malignant an 
‘“* probably malignant ” tumours, and the number of malignant tumour-beariny 
mice, in Group | are as low as, or lower than, in any other group. 

Table I also shows the mean latent period before the appearance of malignan( 
tumours in the six groups. The time of appearance of a malignant tumour was 
arrived at retrospectively (Roe, 1956a). Despite the fact that half the total dose 
of DMBA was given later, malignant tumours in Groups 4 to 6 tended to arise as 
early or earlier than those in Groups | to 3. 

Broadly speaking these results suggest that the incidence of malignant tumours 
after two half-doses of DMBA with an interval of 22 days or more (Groups 5 and 6) 
is greater than that after a single full dose (Group 1), or two half-doses with an 
interval of 4 days or less (Groups 2, 3, and 4). 

It is clearly desirable to analyse the results by a statistical method which takes 
into account not only the incidence of malignant tumours (or malignant-tumour 
bearing mice) but also the times at which malignant tumours arose, and the 
survival rate of mice in different groups. 

The method which approached most closely to satisfying these requirements 
was the estimation of the “ expectation of tumourless life’ described by Irwin 
and Goodman (1946), and Irwin (1949). However this method takes into account 
only the first tumours to appear on each animal, and was designed for the analysis 
of the results of experiments in which 100 per cent of surviving animals developed 
tumours before the end of the period of observation. In the experiments described 
in the present paper to ignore the occurrence of multiple tumours on the same 
mouse would be to discard valuable data. Moreover the proportion of surviving 
mice which bore malignant tumours never exceeded 50 per cent. For these 
reasons, and especially for the second, it was not found possible to give statistical 
expression to the differences between our groups by Irwin’s method. No other 
statistical method has proved suitable. 


3. Sex difference in incidence of papillomata and malignant tumours 
At the end of croton oil treatment the 52 male survivors bore 801 papillomata, 
while the 54 female survivors bore only 473. In none of the 6 groups did the inci- 
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cence of papillomata in females exceed that in males. Of the 49 malignant tumours, 
however, 22 were borne by males and 27 by females, and of 20 “ probably 
pialignant ” tumours, 12 were borne by males and 8 by females. Thus, in spite of 
a marked sex difference in incidence of papillomata, the incidence of malignant 
t umours was almost the same in the two sexes. 


4. The regression of papillomata in mice with malignant tumours 


It has been stated (Shubik, 1950) that when a mouse develops a malignant 
tumour of the skin, many of its papillomata regress. 

In the present experiment, the papilloma-regression rate was 10 per cent in the 
4} mice which developed malignant tumours, and 17 per cent in the 58 which did 
not (mice with “ probably malignant ’’, but no definitely malignant, tumours 
were excluded from both categories). 


This finding confirms that recorded in the first paper of this series (Roe, 1956a), 
and has already been referred to there. Thus there is no evidence from our results 
in support of Shubik’s contention. 


DISCUSSION 


The experiments recorded in this series of four papers were undertaken with the 
object of resolving certain doubts which had arisen in the course of previous work 
on carcinogenesis. The clear-cut conception of Berenblum and Shubik, outlined in 
their classical papers (Berenblum and Shubik, 1947a, 19476, 1949), have stimulated 
research on the stages of carcinogenesis in many laboratories, and still form the 
basis of much of our thought on this problem. It has been becoming increasingly 
clear, however, to those engaged in the investigation of the action of initiating 
and promoting agents that the original hypothesis of Berenblum and Shubik should 
be re-examined in the light of subsequent observations. Shubik himself has proposed 
certain modifications (Shubik, 1950; Shubik and Ritchie, 1953) to cover new 
facts not apparently in harmony with the theory in its original form. 

Berenblum and Shubik based their hypothesis on two important findings : 
(1) the tumour incidence curve in mouse-skin treated with an initiating, followed 
by a promoting, agent “ rapidly reaches a set level, well below 100 per cent, and 
remains at that level however long croton oil treatment is continued ”’ and (2) 
this level varies with the specific potency and the concentration of the initiating 
agent, and is independent of the length of the interval between the initiating 
treatment and the beginning of the promoting treatment. To explain these 
observations they postulated that the “ initiating ’’ stimulus brought into existence 
a definite number of “ latent tumour cells ’’, that these remained dormant, without 
increase or decrease, till the promoting stimulus was applied, that thereafter each 
“latent tumour cell ” gave rise to a tumour, and that when all had done so no 
more tumours appeared. 

The argument depended for its validity on the results of two important control 
tests. It was found that neither the initiating stimulus nor the promoting stimulus 
produced any tumours when used alone, under similar experimental conditions. 
In the case of the initiating agents used by Berenblum and Shubik, all of which 
were carcinogenic hydrocarbons, this result depended on the choice of what 
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was thought to be a sub-carcinogenic dose. The promoting agent, croton oil, was 
believed to be virtually devoid of tumour-producing power. 

Experience in this laboratory has indicated that the clear-cut results of thes - 
control tests of Berenblum and Shubik’s were exceptional. Significant numbers « ° 
papillomata have been observed after treatment of mouse-skin with DMBA, i: 
even smaller doses than they used, without any subsequent treatment (Salama \ 
and Gwynn, 1951; Roe, 1956a). Similarly papillomata have been seen afte: 
applications of croton oil, fewer in number and at lower concentrations than i» 
their tests, without previous treatment with an initiator (Roe and Salamai . 
1955 ; Boutwell, Rusch and Bosch, 1955; Roe, 19565). 

Furthermore, the theory in its original form took no account of the variety «° 
tumours produced, of the benign-malignant change (though some qualitatiy 
suggestions on this matter had previously been made by Berenblum (1941)), no 
of the gradual development in autonomy and other characters, now known a; 
*“ progression ”’ (Foulds, 1954), which might be expected to occur in skin tumour: 
as in others. In an attempt to cover this field Shubik and his colleagues (Shubik 
1950 ; Shubik, Baserga and Ritchie, 1953), on the basis of a survey of the type. 
of skin tumours produced by single and multiple doses of carcinogenic hydrocarbon ; 
with or without subsequent treatment with croton oil, concluded that the varyin:; 
properties of these tumours and their potentialities for gradual change, includin: 
the development of malignancy, should be regarded as determined by the 
** initiating stimulus’. He speaks of the process of initiation as “ a graded one. 
inducing changes in growth potentialities in latent tumour cells ’’. The function of 
the promoting agent he regarded as merely that of revealing this “ series of grade« 
lesions, varying in growth-potential ”’. 

Recent observations in this laboratory and elsewhere suggest that this concept 
also will have to be modified. Repeated applications of croton oil (only) produce 
not only considerable numbers of papillomata, but some malignant tumours as 
well (Roe, 19566 ; Boutwell, Rusch, and Bosch, 1955). Since croton oil has this 
power, the possibility that it may influence the progression of characters in 
tumours when used after an initiating stimulus cannot be dismissed. 

Another aspect of the results of Berenblum and Shubik (1947a, 1947b, 1949) 
raised doubt whether a theory based on what happens after the successive applica- 
tion of initiating and promoting stimuli is applicable to the problem of carcino- 
genesis in general. All the tumours described in these reports were of a benign 
character. Shubik’s later studies (Shubik, 1950) showed that malignant tumours 
did arise in mice treated once with a carcinogenic hydrocarbon followed by croton 
oil repeatedly, but that their incidence was very much less than in mice treated with 
the hydrocarbon repeatedly. Allsopp (1951) thought that croton oil might even 
have an inhibitozy effect on the transition of tumours from benign to malignant. 

A search for the reason for this difference in the incidence of malignant tumours 
after the two forms of treatment (i.e. initiating dose of a carcinogen followed by 
croton oil, and the carcinogen applied repeatedly) were among the objects of the 
present series of experiments. In the first place it was necessary to confirm that 
there was a real difference in incidence of malignant tumours between mice given 
these two forms of treatment. Previous reports relied on relatively short periods 
of observation. The first and fourth papers of this series report experiments i: 


which mice were given a single application of DMBA followed by a course 0 


croton oil treatment, and kept under observation till death (Roe, 1956a, Group: 
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5 and 6; present paper, Group 1). It was found that malignant tumours began 
{ appear after a long latent interval (24 to 36 weeks), and thereafter continued to 
« pear till death. The average latent interval between the beginning of the 
e periment and the appearance of malignant tumours was longer than the mean 


. rvival time, which suggests that if the mice had lived longer the incidence of 
| alignant tumours would have been considerably greater. Notwithstanding this, 
te ineidence of malignant tumours, however reckoned, was significantly less than 
i mice given repeated applications of DMBA (Salaman and Roe, 1956, Group 1). 

In the second place, evidence was sought on the question whether there was a 
« rrelation between the incidence of papillomata and the incidence of malignant 
i :mours in mice treated with an initiating dose of a carcinogen followed by croton 
«|. When the numbers of benign and malignant tumours borne by individual 
i.ice were compared it was found that there was a significant positive correlation 
letween them. This correlation held for individual mice, but not for groups of 
‘tice as a whole. (It has often been observed that the incidence of papillomata 
varies considerably between different groups of mice similarly treated (Berenblum 
ond Haran, 1955 ; and unpublished data from this laboratory). This may be due 
i» such conditions as age, sex, and proportion of highly susceptible mice, which 
atfect groups of mice as a whole. But there is no reason to think that such 
conditions have a similar effect on the incidence of malignant tumours. For instance, 
in the present paper, the incidence of papillomata was considerably higher in 
males than in females, but they both had approximately the same incidence of 
malignant tumours.) Despite the variation between groups in the incidence of 
papillomata, it remains true that within a group of mice treated in a particular 
way, a mouse which bears many papillomata is more likely to develop malignant 
tumours than one which bears few or none. 

An observation of Shubik is relevant to this question. He states (Shubik, 1950) 
that when a mouse develops a malignant tumour of the skin many of its papillomata 
regress. We were unable to confirm this finding (Roe, 1956a, p. 67). 

In the third place, the possibility was tested that croton oil inhibits the produc- 
tion of malignant tumours, as suggested by Allsopp (1951). No support for this 
suggestion was found (Salaman and Roe, 1956): application of croton oil actually 
increased (though not significantly) the incidence of malignant tumours in mice 
treated repeatedly with DMBA. 

In the fourth place an experiment (reported in the present paper) was planned 
to test the possibility that the actual multiplicity of stimuli, or the fact that they 
were applied over a period, were factérs in increasing the incidence of malignant 
tumours in mice treated with a carcinogen repeatedly. It may be argued that in 
experiments such as that of Shubik (1950) mice given repeated applications of a 
cureinogen receive a far greater total dose of it than mice given a single application 
of the carcinogen followed by croton oil, and that this accounts for the fact that 
they are more likely to develop malignant tumours. In planning the experiment 
described in the present paper the possible influence of this factor was eliminated by 
keeping the total dose of carcinogen constant. If the multiplicity and spacing of 
stimuli proved to be factors determining the incidence of malignant tumours, 
‘this could be explained by postulating that the malignant condition is the result 
of two or more successive events in the same cell; these would be less likely to 
cceur in a cell subjected to one application of a carcinogen than to two or more. 

There was no means of knowing beforehand the optimal number of applications 
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nor the optimal interval between them. The experiment, therefore, was essentiall y 
of a preliminary nature, with its main objective to set the conditions for a mor» 
comprehensive study. The results were, in fact, not inconsistent with the view 
that splitting of an initiating dose of DMBA increases the incidence of malignan: 
tumours, especially when the interval between the two half-doses is three weeks or 
longer. It was not possible, however, through lack of a suitable statistical methoc, 
to be sure whether the differences were significant. The fact that some malignan 

tumours do arise following a single initiating dose of DMBA, with or withou 
subsequent treatment with croton oil, does not invalidate the theory of seria! 
changes, for it is possible that two successive stimuli might be delivered to th: 
same cell during the period of persistence of the carcinogen in the skin. Furthe : 
work will, however, be needed to prove or disprove the theory that the malignan: 
change can only be initiated by serial stimuli. 

In the first paper of this series (Roe, 1956a) it was shown that a single applica- 
tion of 0-3 mg. of DMBA without further treatment resulted in a small but definit« 
incidence of malignant tumours, and in the third paper (Roe, 1956), that a prolonge:! 
course of weekly applications of 0-5 per cent croton oil alone also produced som: 
malignant tumours. Is it possible that the combined incidence of these two, by 
simple summation, could account for the incidence of malignant tumours seen i) 
mice which received both treatments successively ? Examination of the results 
shows that this is unlikely. Six malignant tumours were seen in 60 mice following 
a single application of DMBA after a mean latent interval of 55-3 weeks (SD = + 
4-7 weeks). All 6 tumours were on the head or face, i.e. outside the treated area. 
The comparable incidence following 18 weekly applications of croton oil was nil 
(though 7 malignant tumours appeared on 6 out of 20 mice after from 55 to 72 
weekly applications). After a single application of DMBA followed by 18 weekly 
applications of croton oil 13 malignant tumours appeared on the treated area of s 
out of 30 mice, with an average latent period of 46-3 weeks (SD + = 2-5 weeks), 
only one malignant tumour being outside the treated area (after 53 weeks). Thus 
the incidence of malignant tumours in mice given the combined treatment was 
greater than can be accounted for by simple summation of the effects of the two 
components given separately ; moreover, the tumours occurred within the treate«| 
areas, whereas those produced by DMBA alone were outside it. 

This peculiar difference in distribution was found in the sites of both benign 
and malignant tumours. The predominance of tumours of the head and face has 
been observed in this laboratory only in mice treated with a single application of 
DMBA to the skin of the back. No other form of treatment of this area, e.g. 
repeated applications of hydrocarbons, a single application of a hydrocarbon 
followed by repeated applications of croton oil, or single or repeated applications 
of other initiators (e.g. urethane, triethylene-melamine, or /-propiolactone : 
see Salaman and Roe, 1953; Roe and Salaman, 1954, 1955), with or without 
treatment with croton oil, has resulted in this peculiar distribution of tumours. 
Our findings with respect to the distribution of tumours following a single applica 
tion of DMBA to the back confirm those of Law (1941). It may also be relevant 
that Haddow and his associates (1939) referring to DMBA and a closely relate: 
compound, 5 : 9: 10-trimethyl-1 : 2-benzanthracene, wrote “ It is of interest tha‘ 
some of the epitheliomata produced by these compounds appear at the edge o! 
the painted area and not at its centre, suggesting that the optimal conditions for 
tumour emergence are in this case dependent on considerable dilution ”. It canno’ 
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ve claimed, however, that the faces and heads of our mice were on the edge of the 
reated area ; they were well outside it. 

There are a number of possible explanations for the occurrence of tumours on 
ne head and face of mice treated once with DMBA only (e.g. contamination 
uring licking of the treated area, combined with a possible higher susceptibility 
o tumour-induction in this area, or with the possible promoting effect of mechanical 
brasion, etc.), but none of them accounts for the almost complete absence of 
umours of this region in mice treated with DMBA followed by croton oil. All 
hat can be said is that croton oil applications appear to determine the site of 

umours initiated by DMBA. 

Shubik has emphasised, as mentioned above, the high rate of regression of 
»apillomas produced by a single dose of DMBA or 20-methylcholanthrene followed 
»y croton oil (Shubik, 1950), and, in the case of DMBA, our experience confirms 
‘is (Roe, 1956a). This raises the question whether the “ set level ’’ of tumour- 
‘neidence, attained in Berenblum’s and Shubik’s early experiments, which could 
ot be increased by further croton oil treatment, was really due to the cessation 
of new tumour appearance, as they thought, or was the expression of an equilibrium 
etween the development of new tumours and the disappearance of old ones. In 
this connection it should be noted that Friedewald and Rous (1950) observed a 
vradual increase in the number of tumours on the ears of rabbits treated with 
methylcholanthrene for as long as five years, but pointed out that this increase 
was the resultant of a steady appearance of new tumours and a steady disap- 
pearance, at a slower rate, of older tumours. Doubt has also been cast on the 
significance of the “ set level” of tumour incidence (see p. 83) by Shubik and 
Ritchie (1953), who showed that though the number of tumours finally attained 
varied with the concentration of DMBA given as a single initiating dose (though 
by no means in simple proportion), it was actually decreased by applying DMBA, 
at the same concentration, twice or three times. No relevant data on this property 
of DMBA is available from experience in this laboratory, but it has been shown 
(Roe and Salaman, 1954) that when urethane is used as initiator, followed by croton 
oil, tumour incidence is approximately proportional to the dose of urethane, 
whether this is given as a single or as multiple applications. DMBA has a marked 
necrotic effect on the skin in doses as high as that used by Shubik and Ritchie 
(1953), while urethane has none. It seems probable that the reason for the failure 
of repeated large initiating doses of DMBA to increase the final incidence of tumours 
attained after promotion is due to this property. 

Perhaps some of the initiating agents recently discovered, such as urethane 
(Graffi et al., 1953; Salaman and Roe, 1953) triethylene-melamine (Roe and 
Salaman, 1955), and others to be described shortly, which have no detectable 
lamaging effect on the skin, and have so far produced no skin tumours when 
applied alone for long periods, will prove more satisfactory tools for the investiga- 
‘ion of the stages of carcinogenesis than the hydrocarbons. Unfortunately no 
substitute for croton oil of comparable potency as a promoting agent for mouse 
skin has so far been found. 


SUMMARY 


1. A previous experiment had indicated that a single “ initiating *’ dose of 
9, 10-dimethyl-1,2-benzanthracene (DMBA) applied to the dorsal skin of mice, 
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followed by a limited course of croton oil applications, gave rise, after a long 
latent interval, to malignant tumours in approximately 40 per cent of the animals 

The experiment described in the present paper was designed to test whethe, 
division of the “ initiating’ dose of DMBA into two halves (by halving the 
concentration) favoured the induction of malignant tumours. In five test group: 
the interval between the half-doses of DMBA ranged from | hour to 10 weeks. 

2. The results suggested that splitting the initiating dose of DMBA favoured 
the induction of malignant tumours, especially when the interval between th¢ 
two half-doses was 3 weeks or more. No adequate analytical test of these result: 
was available, and their statistical significance remains in doubt. 

3. Current theories of the stages of carcinogenesis, in particular those of Beren- 
blum and Shubik (1947a, 19476), and Shubik (1950), are discussed in the light ot 
the results reported in the series of papers of which this is the fourth. 

The authors are indebted to Dr. P. Armitage of the Statistical Research Unit. 
London School of Hygiene and Tropical Medicine, for advice and assistance in 
the statistical analysis of results. They are grateful also to Mr. W. J. Milton, 
Miss E. A. Firth, and Mr. J. A. Rawlings for skilled technical assistance. 

The expenses of this research were partly defrayed out of a block grant from 
the British Empire Cancer Campaign. 
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SPONTANEOUS tumours of the glandular stomach and the intestine are rare in 
nice and rats. The few published descriptions are mentioned in a valuable review 
»y Klein and Palmer (1941) of the literature on spontaneous and induced neoplasia 
in these organs. Since that date gastric lesions have been found in Strong’s NHO 
strain of mice and have been described by Strong, Collins and Durand (1943), 
Strong (1945, 1947), McPeak and Warren (1947), Kaplan (1949) and Smith and 
Strong (1949); these lesions are of particular interest in connection with the 
present report, which is concerned with lesions of a precancerous and carcinomatous 
nature found in the glandular stomach and, rarely, in the intestine of certain mice. 


MATERIAL AND METHODS 


As described in detail in the first communication in this series (Miller and Pybus, 
1954a), mice of the two inbred strains CBA and NBT were crossed reciprocally, 
and the resulting hybrids were inbred by brother-sister matings for a total of 12 
generations, to give the CBA/NBT (or CN) and the NBT/CBA (or NC) strains. 
\Vhen two months old half of the mice in every F, litter were each given one sub- 
cutaneous injection of | mg. methylcholanthrene in 0-1 ¢.c. sesame oil. These 
injected mice were then inbred for a total of 10 generations, the members of each 
veneration being similarly injected ; these formed the M/CN and M/NC groups. 
After 4 generations, in which every animal was injected, certain litters from F; 
onwards (from mice which early developed tumours at the site of injection) were 
neither injected nor bred from ; these, together with 2 uninjected generations 
,, and F,, (raised from the tenth injected generation), formed the M/CN and 
uninjected groups. 

A number of mice from the two inbred parent strains were likewise injected 
with methyleholanthrene, forming the M/CBA and M/NBT groups, and these 
injected mice were bred from by brother-sister matings to give one generation of 
uninjected mice (M/CBA F, and M/NBT F,). 

There were thus 3 groups of reciprocal hybrids, namely the 12 inbred generations 
of untreated mice, the 10 inbred generations of injected mice, and the 8 generations 
of untreated mice which were offspring of mice injected for from 4 to 10 generations. 
There were also 3 groups of the pure strain mice, namely the untreated mice of 
each pure strain raised during the period of the experiment, the one generation of 
njected mice, and the one generation of uninjected mice which were offspring of 
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the treated generation. All the untreated groups served as controls for any effect o/ 
the carcinogen. 

All treated and control mice were fed alike on a diet of rat cubes ad lib. (supplie«: 
by the North-Eastern Agricultural Co-operative Society, Ltd, of Aberdeen, an: 
manufactured by them to the formula of the Rowett Research Institute) wit! 
small daily supplements of fresh carrot and cabbage alternately (and, in season 
dandelion leaves), and tap water ad lib. This diet was supplemented for the breed 
ing pairs by fresh milk daily, given on brown bread. 

Although the experiment began in 1945, no stomachs were opened unti’ 
December, 1946, when a case of gross epithelioma of the forestomach was observed. 
Since that date the stomach of every mouse dying in the laboratory has been 
opened and examined ; all mice in the experiment dying before that date hav: 
been omitted from this report. The incidence of forestomach tumours in th« 
present material has already been described (Miller and Pybus, 1955). Th« 
stomach was never distended before fixation ; it was opened by a longitudina’ 
incision along the greater curvature, laid out flat, gently cleaned of any content 
and carefully examined. All nodules and any suspicious-looking regions were then 
excised together with surrounding tissues and fixed in Susa ; sections were cut at 
6u and stained with Ehrlich’s haematoxylin and eosin. 


Morphology and histology of stomach lesions 


The mouse stomach consists of two parts. the forestomach lined by squamous 
epithelium and the pyloric stomach containing the digestive glands, the two 
regions being separated by a limiting ridge of squamous epithelium. 

As a result of the routine examination of every stomach many cases of patho- 
logical lesions in the glandular portion were seen which would otherwise have 
escaped notice, as very often there was no external indication of their presence. 
Sometimes a small dimple or a deeper indentation on the outer surface was evident. 
and in a few cases gross distension of the duodenum occurred to a size at least as 
great as the normal stomach. In only one instance (uninjected mouse M/NC 
F,)/297) was there a definite lump on the external wall. 

In the opened stomach the lesions were visible as white or translucent nodules 
of various sizes from the tiniest nodule to a tumour the size of a pea or larger. 
More rarely there would be a diffuse thickened area, not of great extent. The 
nodules were most usually solitary, but sometimes 2 or (rarely) 3 were found, and 
in one mouse there were 4. They occurred at any part of the glandular stomach. 
in the fundic portion near the limiting ridge, on greater or lesser curvature, and 
often close to the pylorus. In this last position there were often 2 symmetrically- 
placed nodules, usually of the same size, or a third smaller nodule might be present : 
the maximum number seen in this region was also 4. Table I shows the frequency 
of multiple nodules and also the distribution between the pyloric and fundic 
regions. A noticeable feature was the high proportion in the CN hybrids of 2 
symmetrical nodules at the pyloric opening. 

At no time was there seen a thickened zone forming a complete ring round the 
pyloric opening such as was described by Strong (1945) and by Stewart, Hare and 
Bennett (1953), nor was there any morphological resemblance to the Strain | 
lesion (Stewart and Andervont, 1938; Andervont, 1939, 1949; Stewart, 1940. 
1941). 
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TaBLE I.—Frequency of Multiple Nodules in Glandular Stomachs of Mice of Two 
Reciprocal-hybrid Strains. 


Number of mice showing given number of nodules per individual. 


Pyloric region. Fundiec region 
Number of nodules. Number of nodules. 
Strain, thickening. a ae thickening. 123 4 Total. 
‘'N 2 7 ll O 3 § 34 
vc 0 56 3 0 1 2 10 3 1 0 25 
M/CN 0 0 0 0 90 7 1 0 0 90 8 
M/NC . 0 0 0 90 9 7 3 1 0 Oo ll 
M/CN 
uninjected . 0 2 0 0 90 a 0 0 0 909 6 
M/NC 
uninjected . 0 14 3 0 0 12 es 9 2 2 105 
Total 2 28 #17 1 1 35 8 14 4 2 189 


The polypoid tumours could be sessile or pedunculate ; if the latter, and 
originating close to the pylorus, they would hang down into the duodenum, 
nearly blocking the lumen and causing the duodenal distension described above. 

The following appeared to be the stages of development as seen in microscopic 
preparations of the lesions. 

(1) Areas of diffuse thickening were usually caused by hyperplasia of the 
glandular mucosa. The tissues retained their orderly arrangement, but the mucosa 
was greatly thickened and often folded into deeper corrugations than normal. 
Foci of atypical cells, and, occasionally, multiple cysts were to be seen in the 
mucosa. 

(2) In the adenomatous nodule there was a disorderly arrangement of the 
mucosal cells to form acini and cysts ; the tumour was sometimes sessile, but at 
other times had a definite stalk (Fig. 1). The neighbouring epithelium was quite 
normal but, benea*h the tumour, the submucosa was usually infiltrated by lympho- 
cytes and elevated into a projection into the base of the tumour, thus causing the 
visible indentation in the outer surface of the stomach wall. 

(3) At the bases of many adenomata there was a downgrowth of the mucosal 
cells through the muscularis mucosae. This varied from the passage of a single 
acinus or 2 or 3 acini (Fig. 2) to penetration along quite an extensive front, com- 
pletely disrupting the muscularis mucosae. In the submucosa the invading 
epithelium spread out to form acini and cysts which could be lined by an orderly 
arrangement of epithelial cells, but in which there were often projecting papillae 
(Fig. 2). Strong, Collins and Durand (1943) classified this stage as adenocarcinoma 
or potential adenocarcinoma to distinguish it from the benign adenoma or papil- 
loma where such invasion was absent. 

In one mouse in which there were 2 symmetrical pyloric nodules, one was an 
adenoma and the other a potential adenocarcinoma (by the above definition), and 
the neighbouring Brunner’s glands had become adenomatous (Fig. 3). Christie 
(1953) described the carcinomatous transformation of Brunner’s glands in a case 
of human duodenal carcinoma. 

(4) While the stage of submucosal extension was comparativery common, the 
next stage, penetration of the circular muscle, was much rarer. In the few cases 
where this was observed it appeared that one acinus or a few acini were passing 
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out through the muscle in the line of entry of a blood vessel, but it was not con- 
sidered that the epithelial cells were within the blood vessel (Fig. 4). No extensive 
penetration on a broad front through the circular muscle was seen, and the few 
acini arriving at the surface were still covered by the serosa and in one or two 
instances appeared to be becoming fibrosed (Fig. 5). 


TasLe I1.—The Incidence of the Successive Stages of Neoplasia in Glandular 
Gastric Lesions in Mice of Two Reciprocal-hybrid Strains. 


Number of mice showing each stage. 


Adenocarcinoma. 


Penetration Penetration 
of muscularis of circular 


Strain. Hyperplasia. Adenoma. mucosae. muscle. Carcinoma. Total. 

CN 3 9 22 0 0 34 
NC l , 15 7 2 ‘ 0 ; 25 
M/CN 7 ‘ 0 l 0 0 
M/NC. 6 1 4 0 0 11 
M/CN uninjected 2 2 2 0 0 6 
uninjected. ll 57 28 8 105 

Total 30 S4 64 10 189 


TaBLe III.—The average Ages at Death of Mice Showing Each Successive Stage of 
Neoplasia in Glandular Gastric Lesions in Two Reciprocal-hybrid Strains. 


Average ages for each stage (in months). 
== 


Adenocarcinoma. 


Penetration Penetration 
of muscularis of circular 


Strain. Hyperplasia. | Adenoma. mucosae, muscle, Carcinoma. 
NC 20-0 24-9 21-4 15-3 — 
M/CN . 11-9 — 19-5 — 
M/CN uninjected . 13-8 15-0 20-0 
M NC uninjected . 19-9 22-1 23-6 23-0 26-0 


The numbers of mice showing each of these stages of neoplasia are shown in 
Table II. Table III gives the average age, for each group of hybrids, of the mice 
showing each stage; on the whole, hyperplasia was seen in the younger and 
adenocarcinoma in the older mice, but there was a good dea] of overlapping. 

To all these stages the term precancer was given by Stewart and Lorenz (1942) 
and by Stewart, Hare, Lorenz and Bennett (1949). Stewart and Lorenz (1949) 
introduced the term “‘ nearocarcinoma ”’ (of Greek derivation) in preference to 
‘* precancerous ” to denote “ early changes associated with developing carcinoma ”’: 
true carcinoma was defined as a neoplasm extending through all the muscle layers 
on to the serosa. The criteria of induced malignancy were defined by Klein and 
Palmer (1941); by these criteria none of the present lesions can be considered 
malignant as no metastases were seen and there were no instances of invasion of 
neighbouring tissues. But by the definition of Stewart and Lorenz (1949) one of 
the lesions may have been malignant (mouse M/NC F,,/297, uninjected) ; this 
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tumour (Fig. 6), an oxyntic cell carcinoma, arose near the limiting ridge between 
the glandular and non-glandular regions and consisted of cystic glandular tissue 
lying in a groundwork of acidophilic (oxyntic) cells, some of which had very large 
nuclei (Fig. 7). The tumour cells passed through all the muscle layers, but still 
appeared to be covered by the unbroken serous membrane ; the tumour cells also 
penetrated the squamous epithelium. There were no metastases and there was no 
infiltration of surrounding tissues. 


Morphology and histology of intestinal lesions 


In addition to the gastric lesions just described, there were 7 cases of duodenal 
neoplasia in 5 females and 2 males, aged 16 to 26 months ; one adenoma of the 
rectum and one potential adenocarcinoma of the colon in a female aged 20 months, 
and one intestinal polyp in a 13-months-old female. 

The duodenal tumours, sessile or pedunculate, varied in size from a pin-head 
toa small bean, the latter causing distension to the size of a stomach. Histologically 
they resembled the gastric lesions, being either simple adenomata with no penetra- 
tion of the muscularis mucosae, or potential adenocarcinomata with a disorderly 
arrangement of atypical glands and slight or extensive penetration of the muscularis 
mucosae ; Brunner’s glands were unaltered (Fig. 8). In the most extensive lesion 
the intestinal wall was altered for a distance of 10 mm. 

The colon tumour was the size of a small pea and contained large cysts lined 
with epithelium and containing mucus-secreting cells. There was extensive 
epithelial penetration of the muscularis mucosae and widespread submucosal 
infiltration by leucocytes, with surface ulceration and granulomatous development 
of connective tissue. The rectal adenoma was the size of a large pea and protruded 
at the anus ; there was slight epithelial penetration of the muscularis mucosae, 
and, like the colon tumour, there was surface ulceration and granulomatous 
development of connective tissue (Fig. 9). 

The intestinal polyp was a pedunculate adenoma, with disorderly arrangement 
of glandular epithelium ; goblet cells were present and the epithelium had pene- 
trated into the submucosa of the stalk. 


The incidence of glandular gastric lesions in the inbred parent strains 


Spontaneous pathological lesions of the glandular stomach were very rare in 
the two inbred parent strains. One case of spontaneous glandular carcinoma of 
the stomach was seen in 1938 in an 18-months-old F, female of the NBT strain, of 
the line from which all the present experimental mice were descended. 

During the period of the experiment, in 72 NBT mice aged 17 months and over, 
of which the stomachs were examined after December, 1946, there were 3 cases of 
stomach lesions, the earliest in a mouse aged 17 months. One F,, mouse had a 
simple adenoma, one in F;, had 2 tumours near the pylorus with epithelial penetra- 
tion of the muscularis mucosae, and the third (F;,) had an adenoma plus diffuse 
changes in the mucosa and slight penetration of the muscularis mucosae. There 
was a certain degree of relationship between the 3 mice ; all belonged to Sub-line 
( and were descended from the same F,, pair, and the sister of the F,, female was 
the grandmother of the F,, mouse. It is impossible to say what the incidence 
cf the lesion was in the strain prior to December, 1946, but the gross case in 1938 
snows that the character was present in Fy. 
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In the CBA strain only one case was seen in 413 mice aged 17 months and over 
during the period of the experiment, in an F,,; male which had an adenomatous 
nodule with epithelial penetration of the muscularis mucosae at the base of the 
stalk. Since the experiment ended one more case has been seen, in an F,, male, in 
a sub-line separate from that of the first case since F,. Neither case was related to 
Sub-lines P or Q, but the second instance was descended in Sub-line R; these 
were the three sub-lines used for hybridising in the present experiment (Miller 
and Pybus, 1954a). 

In the M/NBT group, injected with methylcholanthrene, there were 2 cases in 
an effective total of 26 mice, namely an adenoma in an F,, male and an adenoma 
in his F,, niece. (In the analysis of the incidence of these lesions only the effective 
total of mice in each group is considered. i.e. the number which survived to the 
age at which the earliest lesion was found.) 

In the uninjected offspring of the M/NBT mice (i.e. M/NBT F,), there was one 
case cf glandular hyperplasia near the pylorus in a 13-months-old male. This 
mouse and the 2 M/NBT mice were likewise descended from the F,, pair mentioned 
above. Litter-mates of this same pair were the Sub-line C mice used for hybridising 
in the present experiment. 

No lesions were found in the injected M/CBA group, but there was one case 
amongst their uninjected offspring (M/CBA F,)—an adenoma with early epithelia! 
penetration of the muscularis mucosae in a female belonging to Sub-line Q. 

Table IV shows the incidences of glandular stomach lesions in these six groups 
of pure strain mice. There was no statistically significant difference between 
the incidences in the two sexes in any group. Comparison of the incidences in 
the two strains, in the control and treated mice of each strain, in the treated mice 
and their untreated (F,) offspring, and in the controls and the untreated F, mice 
also showed no significant difference. 


TaBLeE IV.—Data for Lesions in Glandular Stomach in Control Mice of Pur: 
Strains NBT and CBA, in Mice of these Strains Treated with Methylcholan- 
threne (M/NBT and M/CBA), and in the Uninjected Generation Descended 
from the Treated Mice (M/NBT F, and M/CBA F,). 


Affected mice. 
Effective Age at death Age at death 
Earliest number (months). (months). 
lesion of Per- “~ — 
Strain. Sex. (months). mice. No. centage. Range. Average. Range. Average. 
NBT. . F . 17-0 . 59 . 2 3-4 4.9 17-0-18-5 17-8) 17-0-24-0 18-8) 
M 170. 183. 1 #77 = 17-0 17-0 17-0-22-0 17-6 
CBA . F — . 0  17:0-44:0 25-3) 
M . 17-0 . 202 . 1 17-0 17-017 17-0-34-0 
M/NBT F. 185. 1 4:8) 18-5 18-5 14-7) 
M.S. 5 . 1 20-0 11-5 11-5 11-0-12-5 11-6 
M/CBA F.— 12 0 0-0 0-0 12-5-27-0 17-0 
M. — 14 0 0-0 — 12-5-26-0 18-0 
M/NBTF,. F . — 64 90-0) 9.9 — 13°0-22-5 17-1) 
M . 13-0 45 1 2-2 13-0 13-0 * 13-0-19-0 15-14 
M/CBAF,. F . 22-5 151 0-7 22-5 22°5 22-0-34-0 26-4) 
“2, = 68 0 ras 5. 99.9-28-0 24-457" 
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BLE V.—Data for Lesions in Glandular Stomach in Mice of the Three Groups, 
NBT, M/NBT and M|NBT F,, belonging to Sub-line C. 
Affected mice. 


Unaffected mice. 
Effective Age at death Age at death 
Earliest number (months). (months). 
lesion of Per- —----+ 
Sex. (months). ice. x a Range. Average. Range. Average. 
17-0 . 36. ¢ g.g 17-0-18-5 17-8 \ 7-5 17-0-21- 
17-0. 12. 5 17- 17-0 “ * 17-0-22- 


18-0. 12. 18- 18-5 11-0-17: 

M. 13-0. 26. 49. 13-0 13-0-19- 
VI.—Data for Spontaneous Lesions in Glandular Stomach and Duodenum 


in CN Group of Hybrids. Earliest Lesions at 14 Months. 
Affected mice. 


Unaffected mice. 
Effective Age at death (months). Age at death (months). 
number of — 
mice. 5 Range. Average. 
54 3 26- 5-29- 6 27- 27 3 


52 - 26- 26- 
131 22-5 3 
105 


33 
26 


28 
23 


23 
15 


23 
1 


18 
12 


33 
10 


14-0 


20-0-24-0 
14-5-17-0 


14-0-29-0 
14-5-29-0 


* Includes 3 mice with duodenal lesions. 


eelese oe 


om 


Strom. 
NBT 
WNP. 13-8 
MNBIF, . 16-2 
‘TABLE 
(.enera- 
tion, 
and Type of 
sex cross. 
Kr, F. 3QB 
M. IPC 
ae 14-0-32-0 24-3). 
 14-0-31-0 31.3 - FC 
2 17-0-23-0 20-0 14-0-28-0 20-5 f22 
380 28-O159.5 | 17-0-29-0 23-4), ¢ ion 
M. 2. 17-5-22-0 19-8f779 14-0-28-0 19-357 
8PC 
24-0-27-0 25-7 15-0-33-0 24-7),5.. 
FF. 21-0 21-01), 14-0-27-0 go. 
8-6 
3-9 
KF, F. 3. — 14-0-289 20-6149. __ 
F. . 14-01 44. 14-0-249 18-3)... 
M. 2. pal 14.3 - @A 
75 
88. 14-0-29] 19-0) ,-. 
M. 6 . 15-6 14-0-19 15.7 QA 
TotalF . 535 23-9 14-0-349M 22-5), 
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The average age at death of the unaffected mice was greater than that of th: 
affected mice except in M/NBT, where the tumour female was the longest-livec! 

Since all the NBT, M/NBT and M/NBT F, cases occurred in Sub-line C, th. 
incidence in mice of that line only in each group was analysed, as shown i): 
Table V. While the incidence in each group was raised (although not sig 
nificantly so), the differences between the three groups (owing to the sma!! 
numbers involved) were still not significant, the difference being always less tha: 
twice the standard error. 


TasLeE VII.—Data for Spontaneous Lesions in Glandular Stomach in NC Grou, 
of Hybrids. Earliest Lesion at 12 Months. 


Affected mice. 


Genera- Unaffected mice. 
tion Effective Age at death (months). Age at death (months). 
and number of “~ Type ot 
sex. mice, No. Range. Average. Range. Average. cross, 
F, F . 57 80 28-0) 59.5 15-0-36-0 26-7) AQ 
38 ‘ 1 31-5 13-0-31-0 21-6/7""‘ DR 
F, F . 105) 27-0-29-0 28-0} —:13-0-31-0 23-7) 55.6 f BR DR 
M 114 ‘ 3 . 23-5-25-0 24-0f~ 12-0-32-0 21-7f/°" 3BR 
F, F . 50 ‘ 4 . 23-0-26-0 24-8 24-8 13-0-30-0 24-4) 5,5 6 3BR 
M. 28 0 — j* * 12-0-31-0 19-6/% IDR 
F, F . 56. 20-0-25-0 22-7145. 15-0-29-0 23-6 gf SBR 
M 42 0 12-0-25-:0 17:7f~ 1AQ 
F F 38 1 25-0 25-0), 14-0-27-0 22-1 . 
42 0 oe 12-0-24-0 1 }20 o. & 
F, F 43 0 — — 12-0-25-0 
M 22 0 — 12-0-21-0 15-9 
F, F + 4 22-0 22-0 0 16-0-28-0 20-1 18 cP 
M 36 2 8-5-20-0 19-8/" ~ 12-0-23-0 17-1 “LCP, DR 


M. IB. Oo. + 12-0-19-0 15 
Total F . 520 16 20-0-29-0 24-6 93.9 12-0-36-0 21-9) 

M. 406 9  . 12-0-81-5 20-2 12-0-32-0 18-7f"° > — 


The incidence of glandular gastric and intestinal lesions in the untreated reciprocal! 
hybrids, CN and NC 

For the purposes of the analysis of the hybrid groups the intestinal lesions 

described earlier in this paper are included with the gastric lesions. 


( 
F, F . 32. 12-0-22-0 18-2Vig.g 
Fe F. . @. 12-0-29-0 19-01 
9 . — _ 12-0-24-0 18-1 = 
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In the 12 generations of CN hybrids there were 16 females with lesions in the 
:landular stomach and 3 with duodenal lesions in a total of 535 females (3-6 per 
cent) and 18 males with glandular stomach lesions in a total of 318 males (5-7 per 
cont). The incidences in the two sexes were statistically the same, whether the 
«uodenal tumours were included or not, and the total incidence was 4-3 per cent 
(fable VI). The average age at death of unaffected mice was slightly less than that 
«f affected mice in the first 6 generations, but slightly greater in the last generations. 
‘he last column of Table VI shows the distribution of the lesions in the descendants 
of the various types of cross between Sub-lines P, Q and R of Strain CBA and Sub- 
!nes A, B and C of Strain NBT. The last 2 generations belonged entirely to 
cross Q x A. In F,,, which had the greatest number of affected mice, the incidences 
of 4-8 per cent in the females and of 11-9 per cent in the males were not statistically 
vignificantly different, and the total incidence in F,, was 7-4 per cent. 

Table VII shows the incidence of glandular stomach lesions in the NC group. 
‘here were 16 cases in 520 females (3-1 per cent) and 9 in 406 males (2-2 per cent), 
ut the difference was not significant and the total incidence was 2-7 per cent. 
Although many unaffected mice lived longer than the oldest affected mouse, the 
average age at death of the former was less than that of affected mice in all 


TaBLE VIII.—Data for Lesions in Glandular Stomach in Methylcholanthrene- 
injected M/CN Group of Hybrids. Earliest Lesion at 6-5 Months. 


Affected mice. 

Genera- Unaffected mice. 
tion Effective Age at death (months). Age at death (months). 
and number of “~ 
sex. mice. 

‘ 27 
28 


74 
60 


45 


54 
47 


52 
56 


11 
6 


23 
20 


44 
56 


bo 


35 
31 


50 
36 
414 
385 


oS 


10-5 


$6 $6 $6 SS SS SS 


eres | 


“9-0-17-0 14-0 


Type of 
cross. 
| — 
F, F. 8-0-2839 15-5) ,,. 
F. 6.0-27 15-3) 19. 
F. 17-0 6-0-269 10-8) PC 
F. 90-17-0 13-045. 13-6) 
KF, F. 6-0-17 9-71 o. 
65 es} 65 6.0-16 . FO 
6-0-1799 
M 10-5 19.0 10-0 - FO 
rotal F . 12-0) 
:  6-0-28M 10-8 
7 
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generations except F,. As shown in the last column of Table VII, the lesion; 
occurred in the descendants of several types of cross between the original sub-line:. 
The F, incidences were no higher than the incidences in later generations of 
the CN and NC hybrids. 
The incidences in the two groups of reciprocal hybrids were compared an:\ 
there was no significant difference (y? = 3-414, P > 0-05). 


The incidence of glandular gastric lesions in the injected reciprocal hybrids, M/C. 
and M/NC 

Tables VIII and IX show the incidences in each generation of the injecte:' 
reciprocal hybrids. In the M/CN group there were 3 cases in 414 females (0-7 pe: 
cent) and 5 in 385 males (1-3 per cent) ; the difference between the incidences i 
the two sexes was not significant and the total incidence was 8 in 799 mice (1-') 
per cent). 

In the M/NC group there were 6 cases in 528 females (1-1 per cent) and 5 in 
597 males (0-8 per cent) ; again the difference between the incidences in the tw» 
sexes was not significant and the total incidence was 11 in 1125 mice (1-0 per cent). 
The incidences of the lesions in the two groups were therefore the same. 


TaBLeE [X.—Data for Lesions in Glandular Stomach in Methylcholanthren: 
injected M|NC Group of Hybrids. Earliest Lesion at 6 Months. 


Affected mice. 
Genera- “~ Unaffected mice. 
tion Effective Age at death (months), Age at death (months). 
and number of A~ Type of 
sex. mice. No, Range. Average. Range. Average. cross, 
M. 23 . 0. 9-0-32-0 17-6 
F, F 7-0-26-0 12-91 ,,. 
.@ . 6-0-13-0 8-4 
F, F 94 1 12-0 12-0115. 6-0-29-0 12-1) yo. 
89 0 hie 0 6-0-24-0 9 3 p10 7{ 
F, F 48 0 6-0-24-0 97,9, _ 
M 64 0 6-0-20-0 8-6 
F, F 40 2 6-0-23-5 14-8 6-0-23-0 9-3 
M 40 8-0 so 6-0-17-0 8 3} ® of 
F, F 77 1 19-0 19-0 6-0-28-0 10-6 
M 79 0 - }19-0 6-0-20-0 9.3 p10-0{ cP 
M 40. one 6-0-17-0 8-3 
F, F 48 1 18-0 18-0 6-0-23-0 10-7 
M 65 0 }is 6-0-22-0 10 
F 18-0 18-01 6-0-27-0 10-7). 
68 17-0-21-0 18.7  6-0-25-0 10 7 7{ cP 


3 
2 


| 
+ 
| 
j 
| 
F 
» 
M. 597 5 7-0-21-0 14-2 6-0-32-0 10-1 
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omparison of control and injected reciprocal hybrids 

The ages at death of the control and injected hybrids were compared. The 
| sions were found much earlier in the latter, the earliest being 6 months, compared 
. ith 14 months in the CN and 12 months in the NC group. The average age of 
: ‘fected mice was 9 months less in the M/CN than in the CN group, and 8 months 

ss in the M/NC than in the NC group. But the injected mice had much shorter 
ves, on the whole, than the controls, the average age at death of unaffected 
| jected mice being less than 12 months. In most generations the unaffected 
| jected mice died at an earlier average age than the affected injected mice. 

The incidences in the control groups were in both cases significantly higher 

aan in the injected (NC v. M/NC, d = 1-7, 2 x SE = 1-2; CN v. M/CN, d = 3-4, 
» x SE = 16). 

It will be seen from Table II that most of the lesions in the injected mice were 
classed as hyperplasia. This suggests that the pathological condition may begin 
. | quite an early age and that, as it is only rarely lethal (by mechanical obstruction), 

' is found in a more advanced stage in mice dying in old age from other causes. 
‘here is therefore no absolute proof that, if the methylcholanthrene treatment was _ 
‘1 any way connected with the development of the lesion, the carcinogen induced 
it earlier, but it seems possible. As the lesion is primarily one of old age, the much 
lower incidence in the injected mice was to be expected in mice dying young. 


[aBLE X.—Data for Lesions in Glandular Stomach and Intestine in M/CN 
Uninjected Group. Earliest Lesion at 10-5 Months. 
Affected mice. 
Genera- Unaffected mice. 
tion Effective Age at death (months). Age at death (months). 
and number of A “~ 
sex. mice. Range. Average. 
y. 38 11-0-25-0 19-3 
18.3 


49 10-0-25- 

> 17-3 
13-3 

14-9 15-6 


14-7 
3.1 


13-5 


13-6 


Z 
° 


oF Of 


16-0-20- 
14-0-21- 


17 


13-0-17-0 h15-4 _ 10-0-18- 


12-0-17- 
11-0-19- 
10-0-17- 


38 


11-0-21 
10-0—22 


40 
36 


10-0-19 
10-0-20- 


46 
38 


— — — —) 


M 
F 
M 
F 
M 
31 
F 
M 
F 
M 
F 


10-0-24 
10-0-21- 


90 
85 


10-0-20- 
10-0-17- 


sé 66 $6 $6 $6 65 


M 

F. 114 

M. 125 
rotalF . 380 13-0-23-5 4 10-0-25-0 14-8) 14.5 

M 397 10-5 . 10-0-25-0 13-6 


* 1 mouse (No. 38) had stomach lesion only; 1 mouse (No. 39) had duodenal lesion only ; 
> mice (Nos, 34 and 37) had stomach and intestinal lesions, 


| — 


F, 
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TaBLeE XI.—Data for Lesions in Glandular Stomach and Intestine in M/NC 
Uninjected Group. Earliest Lesion at 15 Months. 


Affected mice. 

Genera- Unaffected mice. 
tion Effective Age at death (months). Age at death (months). Type of 
and number of “~ cross 
sex. mice. No. Range. Average. Range. Average. 
F, F. . 0. 16-0-27-0 22-85). 

F . 20:0-26-5 22-6159. 15-0-29-0 22-6 Lop. 

M. 90. 21-0-24-5 33.6  15-0-30-0 17.9 - CP 
F, F . 68 . 10. 18-5-29-0 24-8159. 16-0-28-0 22-2 

M. 59 4t 20-9f73°7 + 15-0-27-0 @ 
F, F. 37 . 1 . 285 23-51  16°0-28-0 23-2). 
F, 32  . 2 19-0-24-0 21-514). 15-0-28-0 21-01 yo. 

M. 33 . 1 . 205 0.5 2 15-0-26-0 18.6 
Fie F 68 . 8 . 28-5-26-0 15-0-28-0 21-65). 

M. 62 5 19-025-0 21-8f7%! + 15.0-27-0 30.3 - & 
F, F . 107 . 7 . 21-0-25-5 23-710. 15-0-28-0 20-61 yo. 

M. 155 10. 17-0:23-0 21-6f72"* 15-0-25-0 18.9 @ 
F, F . 284 . 18 . 17-026-5 22-6 15-0-28-0 21-35). 
366 35 #15-0-28-5 21-8f77"! - 15-0-28-0 30-9 *-.-@ 
TotalF . 705. 49. :17-0-29-0 :15-0-29-0 21-6} 

808 59 . 15-0285 21-8f72°5 - 15-0-30-0 19-8f7 


* Includes mouse with tumours of rectum and colon. 
+ One duodenal lesion included in each case. 


Although there were more instances of affected mice in the F, controls than in 
the F, injected mice (there were no cases in the latter), the fact that the incidence 
in the F, controls was no higher than in the later generations of controls (where 
many of the mice were equally long-lived) suggests that the possible contamination 
of some F, mice by methylcholanthrene from their injected cage-mates did not 
affect the incidence of glandular gastric lesions. Previously it has been shown that 
this contamination raised the incidence of lung tumours but did not affect the 
incidence of forestomach papillomata (Miller and Pybus, 19546, 1955). 

As the injected mice of both groups were derived mainly from crosses between 
Sub-lines C (NBT) and P (CBA) most of the lesions appeared in descendants of 
these crosses, but a few occurred in the descendants of crosses between the other 


sub-lines. 


The incidence of glandular gastric and intestinal lesions in the uninjected descendants 
of injected hybrids. 
Tables X and XI give the relevant data for F, to F,, of the M/CN and M/NC 
uninjected groups. 
Many of the uninjected M/CN mice died young, as shown in Table X. Con- 
sequently there were few mice with lesions of the glandular stomach. There were 
7 affected mice (6 females and 1 male) in a total of 777 mice (0-9 per cent). The 
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incidence in females of 6 in 380 (1-6 per cent) was not significantly different from 
t at in males of 1 in 397 (0-25 per cent) (d = 1-328, 2SE = 1-372). All the lesions 
«-eurred in the descendants of crosses between Sub-lines P and C. In F,, of 4 
a fected females, 2 had duodenal or lower intestinal lesions in addition to those in 
the stomach, and one had a duodenal adenoma only. 

The greatest number of lesions occurred in the uninjected M/NC group. These 
rice were much longer-lived and instances of the lesions were seen in all generations 
except F;. There was no significant sex-difference in incidence ; 49 females in ‘705 
(7-0 per cent) and 59 males in 808 (7-3 per cent) were affected, a total of 108 mice 
i: 1513 (7-1 per cent), the earliest case appearing at 15 months. There were 3 
cuodenal tumours, 2 in F, and 1 in F,. As shown in Table XI, the average age 
ot death of unaffected mice was less in every generation than that of affected mice 
ly as much as 2 to 3 months. 

The incidence in the M/NC uninjected mice was significantly higher than that 
in the M/CN uninjected group (d = 6-2, 2SE = 1-5). Comparison of Tables X 
ond XI shows that the M/CN uninjected mice died on an average 6 months 
carlier and this affected the incidence not only of gastric lesions but also of all 
types of tumours in this group. 

All the lesions in these two groups appeared in the descendants of crosses 
hetween Sub-lines C (of NBT) and P (of CBA). 


‘‘omparison of the various hybrid groups 


The incidence of gastric lesions in the M/CN uninjected group was not signi- 
‘icantly different from that in the M/CN injected group; the uninjected mice lived 


« little longer, but both died early. 

The incidence in the CN group was significantly higher than that in the M/CN 
uninjected group (d = 3-4, 28SE = 1-6), and the difference in age was sufficient to 
account for this, the uninjected M/CN unaffected mice dying 7 months earlier 
‘han the CN unaffected mice. 

The incidence in the M/NC uninjected group was significantly higher than that 
in the injected group (d = 6-1, 28SE = 1-4), a difference which might be accounted 
for by the longer life of the uninjected mice ; unaffected mice of the uninjected 
group lived on an average 10 months longer than those of the injected group. 
But the incidence in the uninjected group was also significantly higher than that 
in the NC mice (d = 4-4, 2SE = 1-7). Although the average ages at death for all 
generations in the two groups were very similar, a comparison of the generations 
from F, to F,, showed that the average age at death of the uninjected M/NC mice 
was 2 to 3 months greater (5-5 months in F,,). The complete absence of lesions 
from the later generations of NC mice might be due partly to the shorter lives of 
these animals compared with the earlier generations. 

The figures in Table XI are based on the numbers alive at 15 months, while 
those in Table VII are based on the numbers alive at 12 months, these being the 
ages at which the earliest lesion in each group occurred. The figures for the 
uninjected M/NC group were revised on a basis of 12 months, for strict comparison, 
but the total average age at death was reduced by only 1 month from 20-6 months 
to 19-8, with corresponding reductions in each generation, so that they were now 
from 1 to 2 months greater (and 4-8 months in F,,) ; the difference in incidence 
between the M/NC uninjected group and the NC group was still significant (d = 
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3-8, 2SE = 1-6), there being 49 cases in the new total of 761 females (6-4 per cent) 
and 59 in 913 males (6-5 per cent), giving a total incidence of 6-5 per cent. 


Heredity 

While the longevity of the animals undoubtedly plays a large part in the inci- 
dence of tumours in a strain, especially those tumours which appear mainly in old 
mice, there is also the question of heredity. 

The incidence of glandular stomach lesions in the parent NBT strain (4-2 per 
cent) was not significantly different from the total incidence in the reciprocal! 
hybrids (4-3 per cent in CN, 2-7 per cent in NC), nor from that in the M/NC 
uninjected group (7-1 per cent). But the incidence in the parent CBA strain (0-2 
per cent), while not differing significantly from that of NBT owing to the smal! 
numbers of the latter, was significantly less than that of the CN group (d = 4-1, 
2SE = 1-6) and that of the NC group (d = 2-5, 28SE = 1-2) and that of the M/NC 
uninjected group (by inspection), all of which consisted of large numbers of mice. 

It is concluded that the hybrids inherited the character from the NBT strain. 
and that the crossing of the two strains of itself did not significantly increase the 
incidence ; the CN F, incidence was 4 in 106 mice (3-8 per cent), and the NC F, 
incidence was 2 in 95 mice (2-1 per cent). 

The character was present in the NBT strain in Sub-line C, but appeared in 
the hybrids in crosses involving also Sub-lines A and B. The fact that the characte: 
appeared once in the CBA strain controls during the experiment, and once again 
later on, suggests that it is a character which might be due to an unstable gene 
liable to spontaneous mutation. The second CBA case appeared in Sub-line R. 
In a later generation than those used in the experiment. 


Taste XII.—The Incidence of Lesions of Glandular Stomach and Intestine in 
Those Families of the M/NC Uninjected Group to which Affected Mice in Each 
Generation Belonged. 


Effective Affected mice. Number of 
Generation, Sex. of mice. Number. Percentage. families. 
F F 33 8 24-2 
F F 25 10 40-0 as. 
M 21 4 19.1 
F ; F 3 . 1 33-315. 
F F 9 2 22-2\. 
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M 21 5 23-8 
F 151 18 11-9 
Total. 294 49 16-7 ig.4 
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Although the general incidence in the hybrids was no higher than in the NBT 
nice, the greatest number of lesions occurred in the M/NC uninjected group. An 
nalysis was made of only those families, in each generation of the latter group, in 
which affected mice were found, as shown in Table XII. The differences between 
he sexes were not significant in any generation. The incidence in F, was signifi- 
vantly higher than that in F,, (d = 16-4, 28SE = 15-6) and that in F,, (d = 18-0, 
‘SE = 14-3), but the differences between the other generations were statistically 
nsignificant. There is here no indication that the incidence of the lesions was 
nereasing in later generations after injection of the preceding generations with 
nethylcholanthrene. 

An attempt was made, by studying the pedigree charts of all the mice in the 
‘xperiment, to arrive at some conclusion as to the mode of inheritance of the 
character. Strong (1945) found that in his mice the character was inherited as a 
lominant and depended on a single major gene carried by the “ brown-tagged ” 
hromosome. Table XIII shows the distribution in the present experiment of 
‘he stomach and intestinal lesions according to coat colour. It will be seen that 
119 of the 196 cases occurred in brown mice. Except in the M/NC uninjected 
sroup, where all the affected mice bred from were either brown agouti or white, 
only 10 affected mice were bred from, and 5 of these were brown (agouti or non- 
agouti) while the other 5 were black (agouti or non-agouti). By their breeding 
analysis 4 of these latter 5 were heterozygous for brown; the fifth case was a 


Taste XIII.—The Classification According to Coat Colour of Mice with Glandular 


Stomach and Intestinal Lesions in the Various Groups of Two Reciprocal- 
hybrid Strains. 


Group of mice. 


CN. M/CN M/CN NC. M/NC M/NC 
injec- uninjec- injec- uninjec- 
Coat colour. ted. ted. ted. ted. Total. 
Black agouti (CBA) 8 4 6 12 l 0 31 
Brown agouti (CbA) 20 1 0 3 5 84 . a 
Black non-agouti 1 0 0 5 0 0 : 6 
(CBa) 

Brown non-agouti 1 0 0 2 0 0 ‘ 6 
(Cha) 

White (ee). ° 4 3 1 3 5 24 ° 40 
Total ; , 37 8 7 25 ll 108 - 196 


black mouse (NC F,/163), the offspring of 2 generations of black mice, and, mated 
with its black brother, it gave 7 generations of only black mice, including 2 in F, 
with stomach lesions. A black mouse, heterozygous for brown, mated with a 
homozygous black would produce only black mice, and while it is perhaps straining 
‘he bounds of coincidence for this type of mating to take place in 8 successive 
venerations, there is the possibility that these 3 mice were heterozygous for brown. 
(n the other hand, a few lesions of the glandular stomach mucosa, apparently of 
‘he type described here, have been found in old C57BL mice (Andervont, 1939). 

There was therefore evidence from the present experiment to support Strong 
(1945) in his statement that the factor for susceptibility is carried on the ‘‘ brown ” 
vhromosome. 

Further examination of the pedigree charts provided evidence that the character 
was not inherited as a dominant. 


= 


104 E. W. MILLER AND F. C. PYBUS 


In the CN group, cases occurred in the descendants of NBT males 10075 and 
10076 (Sub-line B), 10047 and 10049 (Sub-line C) and 10068 (Sub-line A), crossed 
with CBA mice of the Sub-lines Q, P and Q respectively. One example, in the 
descendants of the QB cross, is shown in Fig. 10 ; in one line (which finished in F,) 
2 affected males were bred from in F, and F,—in F, the incidence was 1 in 8 mice, 
in F; it was 1 in 14, this latter mouse having a duodenal lesion ; in the other line 
(shown as far as F,) there was one case in F; and none in later generations, although 
there were 50 mice in F, to F,, 

In the reciprocal NC hybrids, affected mice occurred amongst the offspring of 
NBT females 10066 and 10067 (Sub-line A), 10073 and 10074 (Sub-line B), 10044 
and 10046 (Sub-line C), and 10085 and 10086 (Sub-line D). Fig. 11 shows the 
descendants of Sub-line B crossed with Sub-line R of Strain CBA ; there were no 
affected mice after F,, although in F; to F,, there were 94 mice from 10074 and 
110 from 10073. 

In the M/CN (injected) group, 2 cases occurred in the descendants of NBT 
males 10075 and 10076 (Sub-line B), and 6 in the descendants of NBT male 10048 
(Sub-line C) ; these 6 were all descended from one F, pair, 322 (female) x 327 
(male). 

All 7 cases occurring in the M/CN (uninjected) group belonged to the P x C 
cross and were descended from this same F, pair 322 x 327. An interesting 
feature about this group was that intestinal lesions appeared in 2 F, litters which 


EXPLANATION OF PLATES 


Fic. 1.—Pedunculate adenoma of stomach, with early penetration of muscularis mucosae at 
apex of stalk ; one of two polypoid adenomata in same mouse, NC F,/136, 22 months old 
female. x 25. 


Fic. 2.—Part of a sessile adenoma near pylorus showing penetration of muscularis mucosae 
at one point, with development of large epithelium-lined cyst in submuccsa; glandular 
arrangement of epithelium within wall of cyst and polypoid projection into lumen, Mouse 


CN F,,/454, 14-5 months old female. x 75. 


Fic. 3.—Adenomatous alteration of Brunner’s gland beneath stomach adenoma ; note scirrhous 
nature of adenoma. Mouse CN F,/97, 26 months old female. x 75. 


Fic. 4.—Part of pedunculate adenocarcinoma of stomach with penetration and disruption of 
muscularis mucosae at apex of stalk. Epithelium-lined cyst passing out through circular 
muscle in track of blood vessels. Mouse M/NC F,,/13, uninjected 21 months old female. 
x 75. 


Fic. 5.—Adenocarcinoma of stomach, showing disruption of muscularis mucosae and sub- 
mucosal tissues at base of tumour, and passage of epithelium-lined cyst through circular 
muscle. Mouse M/NC F,/407, uninjected 28 months old female. x 16. 


Fic. 6.—Oxyntic-cell carcinoma, passing through and disrupting all layers of muscle and pro- 
jecting beyond outer wall of stomach. Mouse M/NC F;,,/297, uninjected 26 months old 
female. x 16. 


Fic. 7.—Enlargement of adjacent section to Fig. 6, towards inner surface of tumour, showing 
strand of muscle within tumour, glandular cysts containing polymorphs, and groundwork 
of acidophilic (oxyntic) cells. x 67. 

Fic. 8.—Part of duodenal adenoma, 3 mm. in length. Disorderly atypical epithelium dipping 
down into apparently normal Brunner’s glands, disorganizing the muscularis mucosae. 
Mouse M/CN F,,/34, uninjected 16-5 months old female. x 22. 


ase 9.—Adenoma of rectum. Point of penetration of muscularis mucosae not seen in photo- 
aph ; gross infiltration of leucocytes into apex of stalk seen in upper part of photograph. 
Goon 'M /NC F,/70, uninjected 20 months old female. x 22. 
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came from matings of 2 injected F, females with their injected brother ; in one 
litter of 4 females and 4 males there were 3 affected females (one with stomach 
|-sion only, one with duodenal lesion only and one with stomach lesion and intestinal 
; olyp) and in the other litter of 3 females and 19 males there was one female with 
siomach and duodenal lesions. Unfortunately the NBT male 10048, from which 
apparently the character was inherited in the PC cross, was bred from in the 
control CN group to F, only and no stomach or intestinal lesions were seen in its 
: 4 descendants in that group. 


CBA(Q) x NBT(B) 
10076 


D 
@ = Duodenal adenoma 


ric. 10.—Part of CN pedigree, showing occurrence of spontaneous stomach and intestinal 
lesions in two lines of descendants from the cross between Sub-line Q of Strain CBA and 
Sub-line B of Strain NBT. For explanation of symbols see Fig. 11. 


In the M/NC injected group, 10 of the 11 cases occurred amongst the descendants 
of NBT female 10046 (Sub-line C) and all were descended from one F, pair 322 
(female) x 319 (male). (It was a pure coincidence that in the reciprocal M/NC 
and M/CN groups the 2 F, female ancestors of all the affected mice should bear the 
same number, 322.) From M/NC F, 322 x 319, 7 F; pairs were bred from; 4 of 
these produced no affected offspring in 104 descendants to F,,; 2 of the pairs had 
one case each, one in F, and one in F,, the lines being discontinued at these 
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NBT(B)xCBA(R) NBT(B)xCBA(R) 
10074 10073 


OWT 


€ 
@=Affected female @)-= No.of unaffected = Inaddition 
| male [4] =e males to breeders 
Fic. 11.—Part of NC pedigree, showing occurrence of spontaneous stomach lesions in descen- * 
dants from two crosses between Sub-line B of Strain NBT and Sub-line R of Strain CBA. 
NBT(C)xCBA(P) 
10046 
le 
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Fic. 12.—Part of M/NC pedigree, showing occurrence of spontaneous stomach and intestinal na 
lesions in the uninjected descendants of injected mice in the cross between Sub-line C of sic 


Strain NBT and Sub-line P of Strain CBA. All mice injected up to F,; F, litters from 
mice No. 176 x No. 182, and from mice No. 86 x No. 90 were injected. All affected 
mice from F, onwards in this group were descended from F, mice No. 57 x No. 59. 
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senerations respectively ; the fifth pair produced the other 8 cases, 2 (brother 

and sister) in F,, 1 in F,, 1 in F, and 4in Fy». The last 5 cases came from the same 
*, pair, from 2 F, pairs, and from 4 F, pairs. If a mutation is to be assumed to be 

the cause of the sporadic appearance of the character, then either it took place 
not later than in the F, mice 322 or 319, or else it occurred several times in different 
inice in F, to F, ; and F, was so close to the parent strains that the possibility of 
nheritance from them cannot be discarded in favour of mutation. 

This is illustrated more clearly in the M/NC uninjected group, of which a part 
is shown in Fig. 12. All the affected mice in this group were descended from the 
same pair of F, mice 322 x 319 which produced all the cases in the injected line. 
“he chart shows all the affected mice up to F,. In the later generations all affected 
inice were descended from the F, pair 57 x 59; they occurred singly or in twos 
per litter except for one litter in F,,, which had 4 cases in 13 mice, and 4 litters in 
iy, each containing 3 cases (in families of 21, 6, 15 and 20 mice respectively), and 
one outstanding F,, family where there were 8 affected mice (5 females, 3 males) 
ina total of 21 (14females and 7 males). This last family had no affected mouse in 
its direct ancestry right back to F,, but there was one affected F,, male, the unin- 
jected brother of its injected grandparents. 

While demonstrating that a tendency to the condition appears to be inherited, 
this material gives no indication of the number of factors involved. In Strong’s 
NHO strain (Strong, 1945) the character was shown to be inherited as a dominant, 
but Andervont (1939) found that the Strain I lesion was inherited as a recessive. 


DISCUSSION 


This communication describes the incidence and histology of glandular 
lesions in the gastric and intestinal mucosa which closely resemble many of the 
cases described in the literature. The early stages of the Strain I lesion are very 
similar to some of the present examples, although the later stages are far more 
extensive and diffuse than the much more local changes seen in the present 
material. The early ‘“‘ precancerous’ stages of the induced gastric lesions are 
identical with many of the present cases. Strong (1947) gave instances of more 
extensive metastasizing lesions, but later surveys of some of his material by 
McPeak and Warren (1947) and by Kaplan (1949) failed to show such malignant 
pictures ; from the last two descriptions it appears that the lesions obtained in 
the present material are identical with most of Strong’s. 

There has been much discussion in the literature as to the classification of 
these lesions, some of which has already been referred to in this communication 
in the description of the histology. A statement by Klein and Palmer (1941) 
seems to have special application to the present lesions. It is to the effect that, 
from experience, it is now possible to predict that a spontaneous tumour will 
follow a malignant course, on the basis of its structure only and without any 
proof of malignant activity beyond a few microscopic changes which, if they did 
not progress (our italics), could not be classified as malignant. Detailed study of 
tie present lesions seems to show a succession of stages leading up to true malig- 
nancy but failing to reach it during the lifetime of the mouse. This idea of progres- 
son has been developed by Foulds (1949, 1950, 1951) and by Shubik, Baserga 
and Ritchie (1953). The successful induction of true gastric carcinoma (Stewart 
and Lorenz, 1941, 1942, 1949; Howes and Oliviera, 1948; Stewart, Hare, 
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Lorenz and Bennett, 1949; Stewart, Hare and Bennett, 1953) and of intestina! 
carcinoma (Lorenz and Stewart, 1940; Cox, Wilson and DeEds, 1947; Miller 
Sandin, Miller and Rusch, 1955) shows that the progression can be speeded uj 
by direct injection or by feeding of a carcinogen. Strong (1945, 1947) describec 
the invasion of surrounding organs and the development of metastases in som: 
of his mice, showing that in a suitably susceptible strain of mice true malignancy, 
could be achieved in the lifetime of the mouse. 

In the present material there was by definition one instance only of a truc 
carcinoma and even that did not produce metastases. 

There was slight evidence from this experiment that the treatment wit] 
methylcholanthrene might have speeded up the development of the lesions, thu: 
confirming Kaplan’s conclusions (Kaplan, 1949); a greater proportion of th: 
earlier stages (hyperplasia) were seen in injected mice, at an earlier age. Thi- 
might be explained by the fact that a greater number of these mice came earl) 
to autopsy. This fact made it impossible to show that the carcinogen had in an 
way intensified the incidence of the lesions in the injected mice, as a sufficient 
number of the latter failed to live to an age comparable with that of the controls 
Deringer, Heston and Barrett (1953) found that methylcholanthrene did no‘ 
increase the incidence of lesions in the glandular stomachs of ST mice. 

Strong (1945, 1947) explained the increased incidence of the lesions in the NHO 
strain by assuming that the carcinogen had produced a heritable germinal muta 
tion, but acknowledged the biologic variability of his mice due to hybridisation. 
A study of the pedigree charts in the present experiment has shown that if the 
methylcholanthrene induced a mutation it did so in F, in both the reciproca! 
crosses, as one pair of F, mice in each group of hybrids gave rise to all the affecte«! 
F,,. mice ; or, alternatively, so many separate mutations must have been induced to 
account for the presence of affected mice in a large number of sub-lines that the 
number quite surpasses any ordinary known rate of mutation. It is believed 
that in this experiment the increased incidence of the lesions was due to hybridity 
and segregation of the character; the character was present in both parent 
strains but especially in the NBT, and the charts proved that it was inherited, but 
‘not as a dominant. Different families and generations showed different incidences, 
but, within the limits of the experiment, there was no permanently increase:| 
incidence. Had it been possible to continue breeding after F,,, especially in the more 
susceptible lines, it seems likely that a line with a high spontaneous incidence 
might have become established. 

Since this work was concluded the same character has appeared in the GFF /(: 
strain ; in the first 7 inbred generations there were 7 cases in 85 females (8-2 per 
cent). These mice are brown with pink-eye dilution and further evidence is thus 
provided for the transmission of the character by the “ brown ”’ chromosome. 


SUMMARY 


An account is given of the histology and incidence of localised lesions of the 
glandular part of the stomach and of the intestinal mucosa, which occurre:! 
spontaneously in older mice of two hybrid strains obtained by reciprocal crosses 
between the NBT and CBA strains, and inbred for twelve generations. 

The incidence of the lesions was the same in the reciprocal hybrids and in the 
NBT sirain. Two isolated instances were seen in the CBA strain. 
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The lesions were of a hyperplastic, adenomatous and adenocarcinomatous 
pature ; one true carcinoma of the stomach was seen. There were no metastases 
aad no invasions of neighbouring organs. 

The character was inherited, although not as a dominant, and appeared to 
be earried on the “ brown ” chromosome. 

While the appearance of the early stages of development of the lesions might 
have been accelerated by subcutaneous methylcholanthrene injections into one 
coup of each of the reciprocal hybrids, there was no evidence that the carcinogen 
had caused a germinal mutation or that the incidence was increased in the unin- 
j.cted descendants of injected mice. 


Some of the microscopical preparations have been examined by Dr. Ian 
Rannie, Lecturer in Pathology in King’s College, University of Durham, and we 
wish to express our sincere thanks to him for his helpful advice. Our thanks are 
due also to Dr. U. Philip, Lecturer in Genetics in King’s College, for her interest 
in the genetical aspect of the experiment. 

The work was carried out under a research grant from the North of England 
(ouncil of the British Empire Cancer Campaign. 
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In view of the rarity of induced epithelial tumours in fowls, it seems justifiabl 
to record all successful attempts in this field. As described in earlier communica 
tions (Peacock and Peacock, 1949, 1954), we had repeatedly applied severa: 
well-known chemical carcinogens by various routes, mostly without success. 
though 2-acetylaminofluorene gave the most promising results. Subsequently 
we have observed another squamous carcinoma of the crop in a fowl injected 
intramurally with 23 mg. of 2-acetylaminofluorene given as a 1 per cent solution 
in arachis oil. Comparable intramural injections of methylcholanthrene in arachis 
oil have yielded 3 tumours, one of which has already been described (Peacock an 
Peacock, 1954). 


METHOD 


Of a 5 per cent solution (w/v) of methylcholanthrene in arachis oil 0-5 mi. 
was injected into the wall of the crop of 5 cocks and 4 hens of an inbred White 


Leghorn stock. 

Similar injections were repeated 3 times at intervals of 5 to 6 months ; there- 
after the surviving birds were injected more frequently at approximately monthly 
intervals, depending upon the palpability of the previous injections and the 
local reaction. 

The birds were kept on free grass range with access to unheated fowl houses 
and were fed twice daily with commercial poultry mash and pellets. Water was 
constantly available. 

RESULTS 


The birds that died or were killed within the first 30 months of the experiment 
showed no lesions attributable to the injections. 

The results are summarised in Table I, from which it will be seen that the 
first tumour was obtained after 35 months and that 2 of the 4 survivors died or 
were killed bearing epithelial tumours—one an adenocarcinoma of the 
proventriculus, the other a hepatoma. 


Post Mortem Findings 


Cock 3412 received 30 mg. methylcholanthrene in arachis oil and was killed 
35 months after the start of the experiment. A tumour at the site of injection 
was described previously as an anaplastic carcinoma (Peacock and Peacock, 1954). 
Its histogenesis is still of a debatable nature (Fig. 1). 


* Working under a full-time Grant from the British Empire Cancer Campaign. 


= 
110 
a 
er 
rin 
4 
= 
Wee: 
| 
al 


METHYLCHOLANTHRENE TUMOURS IN FOWLS 


TABLE I. 


Total weight of 
Duration of | methylcholan- 


Bird- experiment threne 
number. in months. injected, in mg. Results. 

(ck 3416. 13 ‘ 5 - Killed because of advanced respiratory infection. 

(ock 3410. 19 ° 10 - Killed following inj. ries received in fighting. 

len 3415 . 20 . 15 - Killed because of prolapsed cloaca. 

(ock 3408. 28 ‘ 45 - Found dead. Palpable nodule in crop wall. 
Kidneys cystic ; testicle small ; azoospermia. 
Crop at site of injection contained foamy cells 
in submucous and muscular layer. 

( «ck 3412* 35 30 - Killed because of respiratory obstruction by 
tumour. Anaplastic tumour at site of injec- 
tion. 

(ock 3411. 37 ° 65 . + Killed because of septic ear. Fibrosis and oily 
cysts at site of injection. 

3420 65 130 - Killed in emaciated condition. Hepatoma. 
Adenomatous areas in kidney. 

Hien 3418f 65 ° 100 - Found dead. Primary adenocarcinoma in pro- 
ventriculus with secondaries in mesentery. 

tien 3419 66 120 - Killed because of lacerated cloaca. Several 


areas of nodular hyperplasia. 


* Previously described (Peacock and Peacock, 1954). 
+ Received 1 injection of 2-acetylaminofluorine, approximately 10 mg., in error, 46 months before 
d-ath, 


Cock 3411 received 65 mg. methylcholanthrene in arachis oil and was killed 
at 37 months because of large sloughing masses at both external auditory meatuses, 
which were easily detached, revealing only superficial lesions. There were some 
librosed cysts round the crop at the site of injection. 

Hen 3420 received 130 mg. methylcholanthrene in arachis oil and was killed 
at 65 months, in an emaciated condition. It was found to have a large hepatoma 
(Fig. 2). This was an undifferentiated tumour composed of cells similar to liver 
cells but varying greatly in size and showing no organised arrangement. It also 
had an adenomatous area in the kidney (Fig. 3). 

Attempts to propagate the hepatoma were made. Homogenates of the 
tumour were injected intraperitoneally, intramuscularly, and into the wattles of 
11 birds between 6 and 9 months old. After 9 months no tumours were observed. 

Hen 3418 received 100 mg. methylcholanthrene in arachis oil, and died, after 
65 months, of acute enteritis. There was a tumour of the proventriculus (Fig. 4) 
with direct extension into the wall of the gizzard and with multiple secondaries 
in the mesentery (Fig. 5). 

The tumour consists of cubical or low columnar cell acini ; there is a marked 
tendency to a scirrhous type of growth, especially in the metastases (Fig. 6). 

Attempts to propagate the mesenteric secondaries have been unsuccessful, 
but this was expected as the bird was found only 24 hours after death. 

Hen 3419 received 120 mg. methylcholanthrene and was killed after 66 months 
because of a deep ulcer in the cloaca. It was otherwise in good health at the 
time of death, and showed no other lesions. 


DISCUSSION 


The rarity of induced epithelial tumours in fowls may be due to their relatively 
long induction period in response to chemical carcinogens, compared with the 
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induction of sarcoma in this species. In our experience the shortest induction 
time for squamous carcinoma of the crop at the site of injection of 2-acetylamino- 
fluorene in arachis oil was about 1 year, the tumour having been found post 
mortem 14 months after injection. A similar tumour at this site was found after 
17 months in the same series (Peacock and Peacock, 1954). 

Recently we have observed a squamous carcinoma of the crop (Fig. 7) at the 
site of repeated injections of 2-acetylaminofluorene in arachis oil after 54 months. 
In the course of 4} years this bird received a total of 23 mg. of 2-acetylamino- 
fluorene. Eleven birds out of this series of 18 have died without tumours, havin: 
received a quantity of 2-acetylaminofluorene not exceeding 23 mg. 

In view of this fact, it may be justifiable to say that the adenocarcinoma in 
the proventriculus obtained in Hen 3418 was probably not due to the singl» 
injection of 2-acetylaminofluorene, equivalent to 10 mg., given 45 months before 
death, but to repeated injections of methylcholanthrene. 

Since the intramural injection of methylcholanthrene in the stomach of mice 
yielded adenocarcinomata in the experiment of Stewart and Lorenz (1941), it 
was hoped that intramural injection into the crop would yield carcinoma of this 
organ, 

In fact, only 1 anaplastic carcinoma arose at the site of injection 35 months 
after the first injection. 

The other 3 tumours in the methylcholanthrene series were an adenocarcinoma 
of the proventriculus and a malignant hepatoma associated with adenoma of the 
kidney in the same bird both after 65 months. None of these tumours grew after 
inoculation of cell suspensions. 

In contrast with such long induction periods we observed sarcomata at the 
site of injection of a mixture of methylcholanthrene and Sudan IV in olive oil plus 


EXPLANATION OF PLATES 


Fic. 1.—Cock 3412. Methylcholanthrene-induced tumour at site of injection in wall of 
crop. Described in 1954 as probably anaplastic carcinoma. Exact histogenesis uncertain. 
There is a fine collagenous stroma, but no intercellular reticulum. The tumour cells are 
polygonal with abundant cytoplasm and well-defined vesicular nucleus with a single 
prominent nucleolus. Van Gieson. x 400. 

Fic. 2.—Hen 3420. Hepatoma following methycholanthrene injection into wall of crop. 
The tumour was large and diffuse with many haemorrhagic areas. Section shows invasion 
of sinusoids and a venule by anaplastic hepatogenic carcinoma. Haematoxylin and eosin. 
x 360. 

Fic. 3.—Hen 3420. Renal adenoma. The tumour consists of tubules lined by a single 
layer of high columnar epithelium arranged in an orderly manner, but the tubules are 
irregularly arranged and are not separated from the rest of the kidney by any capsule. 
Haematoxylin and eosin. x 110. 

Fic. 4.—Hen 3418. Methylcholanthrene-induced tumour. Primary adenocarcinoma of 
proventriculus. The tumour has originated in the surface glands and invades the whole 
thickness of the wall of the organ. Haematoxylin and eosin. x 110. 

Fic. 5.—Hen 3418. Direct extension of adenocarcinoma in wall of gizzard. Haematoxylin 
andeosin. x 100. 

Fic. 6.—Hen 3418. Secondary deposit of adrenocarcinoma in mesentery showing scirrhous 
type of growth. Haematoxylin and eosin. x 200. 

Fic. 7.—Hen 3196. Tumour at site of injection of 2-acetylaminofluorene in arachis oil. 
Local irregular hyperplasia with keratinising pearl formation. The appearance suggests 
early squamous carcinoma, but there is no penetration of the muscle of the crop. Haema- 

toxylin and eosin. x 110. 
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chicken embryo tissues between 8 and 18 months after the first injection. Three 
of these were successfully transmitted by cell suspensions as GRCH. 16, 17 and 18 
(Veacock and Peacock, 1953). 

Thus in this small series of experiments all the sarcomata occurred within 18 
months of injection, whereas the carcinomata occurred between 3 and 5 years 
after injection. The apparent longer induction period for carcinoma in the fowl 
recalls clinical experience of human cancer. 


SUMMARY 


1. Adenocarcinoma of the proventriculus in one fowl and malignant hepatoma 
associated with adenoma of the kidney in a second fowl followed injection of 
methylecholanthrene into the wall of the crop. 

2. The only local tumour in the crop was an anaplastic carcinoma. 

3. A further example of local induction of squamous carcinoma in the crop at 
the site of injection of 2-acetylaminofluorene in the fowl is described. 

4. The long induction period for carcinoma in the fowl is contrasted with the 
much shorter induction period for sarcoma. 
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Ix a previous paper (Barnes and Magee, 1954) some toxic properties of 
dimethylnitrosamine (DMN) were described. It was found that rats and other 
animals suffer severe liver damage after the administration of DMN in doses of 
the order of 25 mg. per kilogram body weight, either orally or parenterally. The 
liver lesion was an extensive centrilobular type of necrosis, involving all lobules, 
followed by evidence of regeneration in surviving animals. An outstanding 
feature of the necrosis was its very haemorrhagic character and the liver lesion 
was frequently accompanied by massive haemorrhagic ascites and bleeding into 
the gastro intestinal tract. 

These features of the acute liver necrosis were similar to those produced by the 
senecio alkaloids in rats (Davidson, 1935). A recent paper (Schoental, Head and 
Peacock, 1954) showed that senecio alkaloids also produced liver tumours if they 
were administered over longer periods. It seemed possible, therefore, that the 
chemically much simpler molecule DMN might also produce liver tumours in rats. 
The present paper describes the results of a long-term feeding experiment in 
which the compound was added to the diet of rats. A smaller and shorter experi- 
ment on rabbits was also performed. In the rats a very high incidence of hepatic 
tumours occurred, many with metastatic spread, but in the rabbits no tumours 
were observed. In no instance were primary tumours found in organs other than 
the liver. 


MATERIAL AND METHODS 


Male and female albino rats and cross-bred male rabbits were used. The 
basal diets were M.R.C. Diet 41 (Bruce and Parkes, 1949) for the rats and M.R.C. 
Diet 18 (Bruce, 1947) for the rabbits. The diet was given in powder form. DMN 
was made up as a solution in arachis oil so that 10 ml. added to 1 kg. of powder 
gave the required concentration. 

The food intake of the rats was measured for each cage of 5 animals by filling 
the container each day and measuring the unconsumed residue. 

The animals were weighed weekly and observed each day when their food was 
being measured. Post mortems were carried out on all animals that were either 
found dead or killed by coal gas when seriously ill. Tissues were fixed in Helly’s 
fluid and formol-saline, embedded in paraffin and sectioned at 5. All sections 
were stained with haematoxylin and eosin as a routine and selected material was 
stained by Mallory’s connective tissue method, Gomori’s silver impregnation, an 
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Perl’s prussian blue reaction for iron. Frozen sections of formol fixed material 
vere stained for fat with Sudan IV. 


RESULTS 
“irst experiment 

The results of this experiment have been briefly reported previously (Barnes 
and Magee, 1954) and are included here in greater detaii for comparative purposes. 

Groups of 6 rats were fed 200, 100 and 50 parts per million (ppm.) DMN 
respectively. Those receiving 200 ppm. died in less than 5-6 weeks, and at 
uutopsy on 3 rats the livers were small and pale, but regular in outline. There 
was no intraperitoneal haemorrhage. In one rat the pancreas was oedematous 
and in another had a dead-white opaque appearance. 

Rats on 100 ppm. DMN lived 9-14 weeks. One of the six had haemorrhage 
into the gut. The livers were smaller than normal but irregular in shape and 
some had “ fatty” lobes. In several the pancreas was either oedematous or 
prominently white and opaque. Rats on 50 ppm. killed after 20 weeks in this 
first experiment showed no gross abnormality except a general rounding of the 
edges of the liver. 

Histology.—In those rats dying after 5 weeks on 200 ppm. DMN, the liver was 
intersected by irregularly-shaped bands of tissue composed of hepatic cells in 
various degrees of degeneration, red cells, macrophages, with and without yellow 
pigment, fibroblasts and fine eosinophil fibrils (Fig. 1). Silver impregnation 
preparations showed increase and condensation of reticulin in the strands (Fig. 
2). The parenchymal cells showed more large nuclei and binucleate forms than 
usual, but mitotic figures were very rare. Very early bile-duct proliferation was 
occasionally seen. 

Rats dying after 9 weeks on a diet with 100 ppm. DMN had rather similar 
liver lesions with more fibrous tissue (Fig. 3). The parenchymal cells showed 
similar cytological changes, and were occasionally grouped into nodules surrounded 
by very fine fibrous capsules. Bile-duct proliferation was well established (Fig. 4). 

In those dying later (13 weeks) bile-duct proliferation was rather more 
advanced and the new ducts were moderately dilated, with some flattening of the 
epithelium. These structures now had an obvious resemblance to the huge forms 
to be described later. Occasional hyperplastic parenchymal nodules occurred 
(ig. 5) and there was evidence of diffuse hyperplasia of the parenchymal cells. 
The hyperplastic liver cells often showed very large nuclei with large, often 
niultiple nucleoli. The term hyperplasia is used here in a purely descriptive 
sense, following Opie (1944) who defined it as being “‘ characterised by changes in 
the size, staining, and arrangement of cells, and may occur diffusely with no 
sharp demarcation or in foci, so that well defined nodules are formed ”’. 

The rats on 50 ppm. DMN killed after 20 weeks had livers which showed much 
less general damage. The main difference from the normal was cytological. 
There was a generalised increase in cell size, with large nuclei and nucleoli. In 
one animal well established bile-duct proliferation was present. 


- 


S cond experiment 


Ten male and 10 female rats were given a diet containing 50 ppm. DMN with 
5 males and 5 females as controls on the same diet with arachis oil alone. The 
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rats on DMN did not grow as well as their controls and their average weight, 
together with the mean weekly food intake for the Ist, 13th and 26th weeks are 
given in Table I. Up to this time rats had appeared well, but during the 27t! 
week the first death took place. Deaths continued at intervals until the 42n:| 
week, when the single survivor was killed. One male control rat died with , 
pulmonary abscess in the 6th week. The rest were healthy when killed at the 
end of the experiment. One was found to have a sarcoma of the mesenteri: 
glands at autopsy. Of the 20 animals receiving DMN 11 died from effects of a): 
acute haemorrhage into the peritoneal cavity. Bleeding had taken place from th. 
surface of the liver at a site usually marked by adherent omentum. In every 
animal the liver showed a gross irregularity of its surface with a varying number 
of nodules scattered throughout. Damage was often more severe on the left side 

where the lobes were shrunken and distorted to a marked extent. The irregular 
nodular appearance of the right side of the liver is shown in Fig. 6 while one o° 
the smaller left lobes is distorted by extravasated blood. A normal liver (Fig. 7) 
is shown for comparison. Numerous small translucent cysts were frequent], 
seen in addition to the solid nodules. The most striking feature of these liver: 
was the irregularity in outline and variation in the shape of individual lobe~ 
(Fig. 8). Uniformly shrunken fibrotic livers were not seen. 


TaBLeE I.—Mean Weight with Standard Error and Weekly Food Intake 
in g. per 100 g. Rat for Rats on a Diet Containing 50 ppm. DMN. 
(Number of rats in brackets.) 


Start. 13 weeks. 26 weeks. 


Male : 
Body weight . 111 . 23427 . 851417 
Control (4) Food intake . 78 48-5 : 45 


Body weight . 103 ‘ 245 + 21 ‘ 293 + 32 
Food . 37 


DMN (10) intake . 14-5 47 


Female : 212416 . 244418 
49 


Control (5) Food intake 67-5 49-5 


Body weight . 110 . 184422 . 209420 
DMN (10) Food intake . 71 52-5 48 


In those animals dying later in the experiment there was usually a mass of 
red lymph nodes in the portal fissure. The pancreas in two rats had an opaque 
dead-white appearance, but otherwise the abdominal viscera appeared normal. 
In the chest the mediastinal glands were usually red and the lungs showed either 
a general congestion or more commonly, a number of red petechiae scattered over 
the pleural surface. Pleural exudates were not encountered. 

Of the 9 animals not dying from an acute internal haemorrhage, one rat, the 
first to die, had a peritoneal cavity filled with orange coloured exudate, and the 
liver distorted by a large rubbery mass on its proximal surface resembling a 
sarcoma. No primary tumour could be found elsewhere. Of the other 8 rats, 
one only was killed in good condition as the sole survivor after 40 weeks. Its 
liver contained several nodules. The others were killed because they were ill. 
All had nodular livers and in three omentum was adherent to parts of the liver 
with indications of a small haemorrhage from the liver surface. Another had a 
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peritoneal cavity full of clear fluid and two had serious involvement of the lungs. 
o rat appeared to have died solely from liver failure due to necrosis or destruc- 
tion of the organ by fibrosis. 

Male and female rats appeared to respond equally to DMN with the same mean 
survival time and similar lesions in their livers. 

Histology.—With one exception the animals killed or dying at different times 
during the experiment showed liver lesions of a similar character, therefore a 
general description of the histological changes will be given. 

In harmony with the gross appearance there was great variation in the histo- 
|, gical picture seen in sections taken from different parts of the same liver. The 
more grossly damaged areas showed complete absence of the normal] architecture 
and were hardly recognisable as hepatic (Fig. 9). 

Parenchymal nodules were seen in every liver, many being similar to those 
deseribed in the first experiment. They were roughly circular, surrounded by a 
{\brous capsule, and appeared to be compressing the surrounding structures (Fig. 
1) and 11). They were composed of closely packed parenchymal cells, which 
|.\cked the normal trabecular arrangement, and there was great variation in cell 
and nuclear size, but mitotic figures were infrequent. Occasional small bile 
ducts and fairly frequent sinusoids were seen. Some of the nodules showed 
necrosis and haemorrhage in their central parts. In the extreme cases almost 
the whole structure was replaced by blood clot, which was sometimes undergoing 
organisation. Diffuse parenchymal hyperplasia was also present. No sharp 
distinetion could be drawn between advanced hyperplasia and true neoplasia of 
the parenchymal cells. Changes characteristic of neoplasia were considered to be 
the presence of cells varying extremely in size and shape with bizarre multi- 
nucleated forms. These cells had large nuclei with either a single large or 
multiple deeply basophilic nucleoli. Mitotic figures were common and frequently 
abnormal (Fig. 12). Neoplastic change of this type was seen in areas of hyper- 
plasia, most frequently in the nodules. Typically, the lesion consisted of an 
outer zone of neoplastic cells surrounding a central haemorrhagic necrotic mass 
mass (Fig. 13). This appearance was also typical of that seen in metastatic 
tumours (Fig. 14). The tumours were mainly anaplastic with varying degrees 
of pseudo-acinar formation. 

Bile-duct proliferation was always present and showed much variation in 
the form:of the proliferated ducts and in the amount of the accompanying fibrous 
tissue. The most frequent appearance was of large multilocular cystic structures, 
which corresponded to the yellow translucent cysts seen in the gross specimens. 
‘They were lined by a thin layer of flattened epithelium with only a sparse fibrous 
framework between the loculi, and with little or no surrounding fibrosis (Fig. 15). 
in other areas the cystic dilatation was less marked or absent and the epithelium 
cubical or low columnar. Here the interstitial and surrounding fibrous tissue 
was more abundant. No continuity with normal bile-ducts was seen, but the 
presence of a wide range of intermediate forms together with the appearance of 
the lining epithelium suggested a common biliary origin for the lesions (serial 
sections were not made). In some places, the structural irregularity was very 
marked and the epithelial nuclei were hyperchromatic (Fig. 16), but mitotic 
figures were rare and this type of lesion was not found in the metastases. 

A third type of lesion seen in only one animal had the appearance of a fibro- 
sarcoma. The tumour mass consisted of large numbers of fibroblasts, many 
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abnormal, with frequent mitotic figures. Preparations stained by Mallory’: 
method showed much collagen production (Fig. 17). There were occasiona! 
tubular structures within the tumour resembling bile ducts. No metastases were 
found in this animal, but the tumour was locally invasive. 

Intravascular ante-mortem thrombosis was occasionally found (Fig. 18), the 
type of vessel being difficult to identify because of the gross general distortion of 
the liver. Some fibrosis was present in all the livers, but this was never a very 
prominent feature and again no precise anatomical distribution could be assigned. 

Nineteen out of the 20 rats developed primary hepatic tumours. Metastases 
were present in 7 of the animals, 4 being pulmonary and the remainder intra- 
abdominal. No histological evidence of primary neoplasia was found except in 
the liver. The sole surviving rat, which was killed in apparent good health, 
showed slight diffuse and nodular hyperplastic change in its liver parenchyma. 


Third experiment 

Six male rabbits (2-1-2-8 kg.) were given a diet containing 20 ppm. DMN. 
A lower level was used because rabbits are more sensitive than rats to the acute 
effects of DMN. After 10 weeks five of the rabbits had lost a little weight, but 
otherwise appeared normal, the sixth had lost more weight and appeared ill. 
The concentration of DMN was raised to 30 ppm. for another 4 weeks and to 
50 ppm. for a further 8 weeks, by which time all the rabbits had died. One was 
killed during the 11th week. Four others became ill during the 18th—20th weeks 
and were killed and the last animal was killed in the 22nd week. They showed no 
signs of poisoning beyond a gradual loss of weight and increased listlessness an« 
general weakness. In every case the liver was small (25-35 g.) dark and slightly, 
but not grossly, fibrosed, as judged by the ease with which it was cut. Nodules, 
cysts and haemorrhages were not seen. The other abdominal organs appeared 
normal and the loss of condition of the animals could only be attributed to a 
progressive loss of liver tissue. 

Histology.—No evidence of neoplasia was found in the livers which showed 
occasional areas of early bile-duct proliferation and parenchymal hyperplasia, 
also some slight irregular fibrosis. 


DISCUSSION 


As far as we are aware, the experimental production of liver tumours by 
dimethylnitrosamine has not been reported previously, therefore our findings will 
be discussed in relation to those of other workers using different agents. 

Several substances have been shown to produce primary liver tumours after 
repeated small doses, and there is a definite similarity in the character of the 
lesions produced. Thus some of the compounds when administered in single 
larger doses give rise to an acute centrilobular type of necrosis involving all lobules, 
followed by evidence of parenchymal cell regeneration. Butter yellow (Orr anc 
Price, 1948); carbon tetrachloride (Cameron and Karunaratne, 1936): 
thioacetamide (Ambrose, De Eds and Rather, 1949; Gupta, 1955) and senecio 
alkaloids (Davidson, 1935) all have this property and DMN falls into the same 
group. It must be emphasized that with the exception of senecio, DMN causes « 
much greater amount of haemorrhage associated with the necrosis than the othe” 


compounds, 
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Chronic choline deficiency (Salmon and Copeland, 1954) and feeding with 
| entonite, which is believed to induce the same condition (Wilson, 1954) on the 
‘ther hand do not produce centrilobular necrosis, but diffuse fatty change which 
i; followed by fibrosis and tumour formation. In chronic ethionine feeding 
(Popper, de la Huerga and Koch-Weser, 1954), fatty change and central necrosis 
; recede lesions which are probably neoplastic. 

It appears, therefore, that the behaviour of DMN is comparable to that of the 
tumour-producing agents which are able to cause acute centrilobular necrosis. 
‘the early morphological changes in the liver, as shown by the rats receiving 
» 0 ppm. for 5 weeks, are consistent with such a comparison. The formation of 
strands of tissue destruction with macrophage infiltration and early fibrosis 
(Cig. 1) is similar to that described by Orr (1940) using butter yellow. At the 
sume time many of the parenchymal cells showed increased size, including 
cnlargement of the nuclei and nucleoli, and there was early but recognisable bile- 
cuct hyperplasia. Similar changes in parenchymal cell size have been noted by 
Ambrose, De Eds and Rather (1949) using thioacetamide, and have been the 
subject of special investigations by Rather (1951) and Kleinfeld and Lessler 
(1954) who agree that they are the earliest morphological abnormality. In the 
present work no animals were studied earlier than five weeks after the start of 
MN administration, therefore no opinion can be expressed on the exact 
chronology of the appearance of the lesions. 

The rats on 50 ppm. DMN which were examined before the 26th week were 
from the first experiment and they showed minimal liver changes except one with 
characteristic liver damage. The rats in both experiments were from the same 
stock, but the first experiment was carried out during the winter and the second 
started in the summer. 

In discussing the tumours, problems of nomenclature arise. The term 
hepatoma is defined in Blakiston’s New Gould Medical Dictionary (1949) as ““ Any 
tumour originating in the liver; applied more particularly to nodular foci of 
regeneration, to adenomas, and to that form of primary hepatic carcinoma made 
up of cells which, in arrangement and form, resemble the cells of the hepatic 
cords’, Both the restricted and the general sense of the word have been used by 
writers on experimental hepatic tumours. A further difficulty is created by 
nomenclature implying pathogenesis, thus such terms as bile-duct carcinoma and 
cholangioma indicate the origin of the neoplasm in biliary epithelium, while 
hepatoma may imply that it arises in hepatic cells. In the case of tumours 
induced by butter yellow, there is considerable disagreement on the cell of origin. 
Opie (1944); Orr (1940) ; Cortell (1947) and Richardson and Borsos-Nachtnebel 
(1951) maintain that tumours can arise from both hepatic cells and biliary cells. 
idwards and White (1941) and Dalton and Edwards (1942), however, believe that 
all true neoplasia in the liver due to butter yellow has its origin in the hepatic 
cell only, and that changes in the bile-ducts are to be interpreted as hyperplastic. 
\ third group of workers (Price, Harman, Miller and Miller, 1952) working with 
derivatives of butter yellow have concluded that most, if not all, of the neoplasms, 
regardless of their histological pattern, arise from areas of cholangiofibrosis and 
thus have a common pathogenesis. 

As far as possible, therefore, in the present paper terms which imply a definite 
pathogenesis have been avoided. 

The distinction between advanced hyperplasia and true neoplasia must 
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ultimately be subjective, but the existence of metastatic spread provides objective 
evidence of malignancy. As Opie (1944) has pointed out “ histological structure 
is an uncertain index of malignancy, tumours with metastases have been regarde:| 
as decisively malignant, they reproduce these distinctive characteristics in the 
metastases that formed”. We have made no attempt to distinguish between 
advanced hyperplasia and benign neoplasia, but in some instances a lesion has 
been regarded as malignant in the absence of observed metastasis, if its histological! 
and cytological structure was indistinguishable from that found in tumours with: 
definite evidence of distant spread. A significant number of tumours did in fac‘ 
show metastases, and the histological and cytological characteristics of the 
secondary tumours have been regarded as criteria for the diagnosis of neoplasia 
in the lesions occurring in the liver. With these criteria in mind it can be sai: 
that the tumours caused by DMN are predominantly anaplastic with some 
tendency to the formation of structures resembling glands. The difficulties of 
assigning a cell of origin have been discussed above. However, these tumours 
appear to arise either in hyperplastic parenchymal nodules or in regions of diffuse 


EXPLANATION OF PLATES. 

Fic. 1.—Rat Liver. First experiment. DMN 200 ppm. for 5 weeks. Shows strands of 
damaged tissue described in the text. H.& E. x 35. 

Fic. 2.—Rat Liver. First experiment. DMN 200 ppm. for 5 weeks. Shows reticulin in the 
strands. Silver impregnation. x 70. 

Fic. 3.—Rat Liver. First experiment. DMN 100 ppm. for 9 weeks. Shows the formation 
of fibrous tissue. Mallory. x 70. 

Fic. 4.—Rat Liver. First experiment. DMN 100 ppm. for 9 weeks. Shows early bile-duct 
proliferation. H.& E. x 70. 

Fic. 5.—Rat Liver. First experiment. DMN 100 ppm. for 13 weeks. Shows a hyperplastic 
nodule. H.& E. x 70. 

Fic. 6.—Rat Liver. Second experiment. DMN 50 ppm. Shows the irregular nodular 
appearance of the liver, with a lobe distorted by extravasated blood. The scale is graduated 
in centimetres. 

Fic. 7.—Rat Liver. Second experiment. Control liver for comparison, 

Fic. 8.—Rat Liver. Second experiment. To show irregularity in outline and variation in 
shape of individual lobes. 

Fic. 9.—Rat Liver. Second experiment. To show the extremely severe structural change 
in the liver. H.& E. x 3 

Fic. 10.—Rat Liver. Second experiment. A typical hyperplastic nodule. H.& E. x 60. 

Fic. 11.—Rat Liver. Second experiment. The same nodule as Fig. 10, Mallory. x 75. 

Fic. 12.—Rat Liver. Second experiment. Part of a tumour under higher magnification 
showing extreme anaplasia, huge nucleoli and a large abnormal mitotic figure. H. & E. 

x 300. 

Fic. 13.—Rat Liver. Second experiment. Typical tumour consisting of a rim of neoplastic 

tissue surrounding a massive central core of necrotic debris and blood clot. H. & E. 


x 3. 

Fic. 14.—Rat Lung. Second experiment. Shows a pulmonary metastasis. H.& E. x 30. 

Fic. 15.—Rat Liver. Second experiment. Shows very severe cystic bile-duct proliferation. 
H.& E. x 43. 

Fic. 16.—Rat Liver. Second experiment. Very irregular bile-duct hyperplasia with hyper- 
chromatic nuclei. H.& E. x 85. 

Fic. 17.—Rat Liver. Second experiment. Sarcoma, to show the general structure and pro- 

duction of collagen. Mallory connective tissue method. x 85. 

Fic. 18.—Rat Liver. Second experiment. Showing ante-mortem intravascular thrombosis. 

H.& E. x 85. 
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parenchymal hyperplasia and their cytology shows more resemblance to hepatic 
than to biliary cells. The invariable accompaniment of massive necrosis and 
}.aemorrhage increases the difficulty of exact classification. 

The enormous cystic structures so commonly observed are regarded as extreme 
{ rms of bile-duct proliferation, as all intermediate degrees from normal ducts can 
ie found. They appear to correspond to the cystadenomata of Orr (1940) and 
(pie (1944). The neoplastic character of this type of lesion has been contested by 
Edwards and White (1941). Occasionally, in areas of duct proliferation, the 
structure was much more irregular and the cells contained larger and hyper- 
chromatic nuclei. Mitotic figures were not common however, and this type of 
structure was never seen in metastatic growths, therefore its classification remains 
in doubt. 

The single sarcomatous tumour remains. Here again no metastasis was 
found, but the invasive character and the frequent mitotic figures suggested 
malignancy. More important is the question whether this tumour was caused by 
DMN or whether it arose spontaneously. No similar tumour was observed in 
the livers of control animals, nor indeed in any rat in our colony. Richardson 
and Borsos-Nachtnebel (1951) have noted fibrosarcoma and angiosarcoma in rats 
ied 3-methyl-4-dimethylamino azobenzene, and Firminger and Mulay (1952) 
described apparent sarcomatous change in the stroma of an adenocarcinoma 
induced by azo dye. 

As already emphasized, haemorrhage and necrosis are constant and prominent 
features in acute and chronic DMN poisoning. Ischaemic factors played a part 
in the production of necrosis, notably in the hyperplastic nodules. A disordered 
vascular system has been shown to be present in malignant neoplasms of the liver 
(including butter yellow tumours in rats) by Breedis and Young (1949), who state 
that these tumours tend to acquire an exclusively arterial blood supply. 

Apart from its intrinsic interest, a knowledge of the cell of origin in experi- 
mental hepatic tumours is of some importance in relation to chemical investigation. 
Mueller and Miller (1953) have shown that butter yellow and certain of its 
derivatives are metabolised in vivo and in vitro, and unpublished work in our 
laboratory indicated that DMN also undergoes rapid metabolic alteration. These 
metabolic reactions may be concerned in the carcinogenic process, and there may 
be some correlation between the cells which mediate them and those which 
ultimately become neoplastic. 

DMN may prove a useful agent in the study of experimental hepatic carcino- 
genesis. It is miscible with water in all proportions and can be readily estimated 
in tissues by a simple polarographic method (Heath and Jarvis, 1955). 

At present no hypothesis can be advanced on the mechanism of action of DMN 
in the production of tumours. It may be noted that both DMN and butter 
yellow have N-dimethyl groups. 


(CH,),NNO = » 
Dimethylnitrosamine p-dimethyl-amino-azobenzene 


(butter yellow) 


It has been shown that at least one N-methyl group is required for the carcino- 
genic activity of dyes related to butter yellow in the liver of the rat (Miller and 
Miller, 1953). 
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SUMMARY 


Twenty rats, divided into two groups according to sex, were fed a norma! 
diet (M.R.C. diet 41) to which had been added dimethylnitrosamine at a level of 
50 parts per million. Between the 26th and 40th week of this treatment 19 oi 
the animals developed primary hepatic tumours, metastatic spread being present 
in 7 cases. An attempt to produce tumours in rabbits by the same agent was 
unsuccessful. Dimethylnitrosamine, by virtue of its chemical and physical 
properties, may be of some value in the investigation of hepatic carcinogenesis. 


We would like to thank Professor G. R. Cameron, F.R.S., for very valuable 
discussion and criticism. Mr. R. Legg, A.I.M.L.T., made the histological 
preparations and photomicrographs. 
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CARCINOGENIC ACTION OF 2’-CHLORO-4-DIMETHYLAMINOSTIL- 
BENE, IN RELATION TO (A) POSSIBLE EFFECT OF GROWTH 
HORMONE, AND (B) COMPOSITION OF LIVER CYTOPLASM 
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TuE possibility that pituitary growth hormone (GH) may influence the action 
of carcinogens has been little investigated (see review by Reid, 1954). This 
aspect has now been studied, with negative results, in rats which were given 2’- 
chloro-4-dimethylaminostilbene by intraperitoneal injection in the expectation 
that tumours should arise at diverse sites (cf. Elson, 1952). It was thought that 
GH might influence the distribution, if not the incidence of the tumours, 
particularly since it has been reported that tumours arise in sites such as the lungs 
(Moon, Simpson, Li and Evans, 1950a) and reproductive organs (Moon, Simpson, 
Li and Evans, 19506) in normal female rats given chronic treatment with GH. 
An elevation in the amount of ribonucleic acid (RNA) in liver has been 
reported to occur in mice bearing transplanted tumours (Lombardo, Travers and 
Cerecedo, 1953; cf. Ceriotti, 1955). It was of interest to ascertain whether the 
presence of primary tumours, as now induced in rats, affects the amount of RNA 
in liver. Accordingly, in part (B) of this study, determinations were made of 
the distribution of RNA among the cytoplasmic fractions obtained from liver by 
differential centrifugation. 


EXPERIMENTAL 


The animals were female albino rats of the Institute colony, aged 6 weeks 
initially. The rats were fed the “ 20 per cent protein diet” described by Elson 
(1952), and were kept in groups of 4 or 5. Each group received a daily food 
ration, the amount of which was determined by the consumption of whichever 
group had least appetite ; thus the average food intake per rat was the same for 
each group throughout the experiment (usually 12-14 g./rat/day). 

At the outset there were 60 rats, 45 of which were given 2'-chloro- 
4- dimethylaminostilbene i in arachis oil, by intraperitoneal injection (5 doses, each 
of 12 mg.), as in the experiments of Elson (1952). Of the 45 rats, 25 were treated 
with GH as described below, either until the termination of the experiment (10 
rats) or until one week after the last injection of carcinogen (i.e. for 9 weeks ; 15 
rats) ; the others were given saline in place of GH. The remaining 15 rats were 
given control injections of arachis oil and of saline. 

The GH was prepared from cattle pituitary glands, essentially by the procedure 
of Wilhelmi, Fishman and Russell (1948). The hormone was _ injected 
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subcutaneously in saline solution, containing 1 part in 10,000 of “‘ Merthiolate ”’, 
at a slightly alkaline pH. Injections were given thrice weekly, initially at 
dose level of 1-2 mg./week. With a view to averting the development of . 
“refractory state’, as judged by measurements of gain in body-weight, the dose 
of GH was doubled after 2 weeks, and again after further periods of 2 weeks, 2) 
weeks, and 14 weeks (i.e. final dose 19-2 mg./week). Nevertheless, body-weigh: 
measurements made 10 months from the commencement of the experiment. 
excluding those rats which had developed tumours, showed that the overa'| 
weight gain for the rats undergoing chronic treatment with GH no longer exceede:| 
that for the rats in the other groups. 

Each rat was killed about 1 month after the first appearance of a tumour, a' 
which time this tumour usually weighed about 50 g. The presence of any 
other superficial tumours was noted at autopsy, and samples taken for histo- 
logical examination. The abdomen and thorax were opened, and the pituitary 
exposed ; any tissue which appeared abnormal was examined histologically. 

Cytoplasmic fractions were prepared from liver, and analyzed for RN.\ 
(expressed as phosphorus), by procedures described elsewhere (Reid, 1955, 1956). 
The medium was 0-25 m sucrose, and the following fractions were obtained in 
addition to the crude “ nuclear ” fraction (which was discarded) : mitochondria! 
fraction, including the “fluffy layer”, microsomal fraction, and supernatant 
fraction, i.e. non-sedimented material. To minimize the effect of possible day- 
to-day variations in environment or technique, the analytical data for each group 
of experimental rats were not directly averaged, but were compared with those for 
control rats killed simultaneously and the differences averaged. 


RESULTS 


Part A.—As in earlier experiments with other carcinogens and with ad lil: 
feeding (Haddow, Scott and Scott, 1937), administration of the carcinogen led to 
a partial inhibition of growth. In the first 9 weeks of the experiment the weight 
gain in grams for the rats given carcinogen but no GH was 56-5 + 3-05 (mean -- 
standard error), and that for the untreated controls kept on the same food intake 
was 66-5 + 3-32, the difference being significant (P < 5 per cent) by the usual f 
test. The weight gain for the rats receiving both carcinogen and GH was 65-0 -- 
2-53, this value being significantly different (P < 5 per cent) from that for the 
rats given carcinogen only. 

The data for carcinogen-treated rats are summarized in Table I in relation to 
the approximate time of appearance of superficial tumours. Data for the control 
rats given no carcinogen are not tabulated ; among these rats there developed 
only one tumour, a mammary tumour arising after some 450 days. Almost all 
the tumours in the rats given carcinogen (with or without GH) arose on the ventral 
surface of the body, usually near the axilla or groin. These tumours were usually 
recognizable histologically as mammary tumours, some undergoing carcinomatous 
changes ; the stroma showed proliferative changes of varying extent. Some of 
these tumours were actually observed to have a high milk content at autopsy. 
In a few instances tumours were also found in other sites, as noted in Table I. 

It is evident that GH treatment, given either throughout the experiment or in 
the initial stage only, had little quantitative or qualitative effect on the carcino- 
genic action of 2’-chloro-4-dimethylaminostilbene. 
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TaBLE I.—Incidence of Tumours 


Days between Ist 
carcinogen injection Number of 
. and autopsy of rats with 
GH treatment. Number of rats. tumour-bearing rats. tumours. 
151-290. 2 
291-430. 
16, later 13* 


Whole experiment 


151-290 
291-430 


Whole experiment 


151-290. 

Throughout 431-563. ng 
Whole experiment . ° 20 


* Reduced number because some rats without tumours died (probably of pneumonia) or were 


killed before 360 days had elapsed. 
+ 2 were non-mammary, viz. a squamous cell carcinoma of the cheek and, in the same rat, an 


early hepatoma, 
{ 2 were non-mammary, viz. a lung carcinoma (secondary mammary tumour ?) and, in the same 
ral, an early chromophobe adenoma of the pituitary. 
§ 2 were non-mammary, viz. squamous cell carcinomas of the cheek (2 rats). 
1 was non-mammary, viz. a squamous cell carcinoma of the cheek. 
"| 2 were non-mammary, viz. an eye granuloma and, in the same rat, a thigh granuloma. 


TaBLe II.—Data for Cytoplasmic Fractions Derived from 
Livers of Carcinogen-treated Rats. 
Carcinogen-treated rats: difference 
Control rats: from corresponding control rats.* 
mean 
value. Without tumour. Tumour-bearing. 


Liver-weight as % body-weight 2-79 . +0-19 + 0-081 + 1-134 0-132 
(8) (15; P<0-1%) 


Mitochondrial . 162 +41 415-7 440 410-7 
(8; P<5% (13; P<2-5%) 


Microsomal 45:9 +425 493 
100 g. body-weigh (8; P<5%) (15; P<2-5%) . 
Supernatant . +63 +17-2 +68 4 9-3 
(8; P<1%) (15; P<0-1%) 


Mitochondrial . - — 0-05 + 0-057 — 0-054 0-023 
(5) (8) 


RNAP content of 
freeze-dried frac- i . . + 0-04 + 0-032 — 0-034 0-043 
tions, as mg./100 (5) (8) 
mg. dried fraction 

Supernatant . 0-28 . — 0-005+ 0-013 0 + 0-030 

(5) (8) 


* With standard error of mean difference (and number of degrees of freedom); P denotes the 
probability that the difference could be due to chance. 
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Total 
number of 
tumours. 
‘ 2 
| x 17 
. 13 . 30 
= 100% 
+ ‘ 14§ 
. 10 . 27 
= 90% 
| 100 
| 
| 
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Part B.—The administration of GH to normal female rats does not influenc: 
the composition of liver cytoplasm, with respect to the yields of the fractions oy 
the concentration of RNA in the fractions (Reid, 1955). Since the data nov 


obtained with the livers from carcinogen-treated rats likewise showed no effect 0° 


GH, no distinction is made in Table IT between GH-treated rats and rats giver 
carcinogen only. Since the values obtained with rats killed early in the experimen: 
(even after only 60 days) were similar to those obtained with rats killed at a late 
stage, all values have been combined for the purpose of the Table. 

As is shown in Table II, the livers of tumour-bearing rats were greatly enlarge: 
in relation to total body-weight (tumours included). Rats which had not ye’ 
developed tumours did not show this enlargement, but these rats, in common wit} 
tumour-bearing rats, gave increased yields of the freeze-dried cytoplasmic frac- 
tions. These increases in yield were roughly in proportion to the actual yields 
of the fractions in control rats. 

Table II further shows that there were no significant changes in the concentra- 
tion of RNA (expressed as phosphorus) in the cytoplasmic fractions. 


DISCUSSION 


Part A.—It is of interest that GH, given in moderate dosage, counteracted the 
effect of the carcinogen in partially arresting the natural gain in body weight. 
This observation does not, of course, prove that endogenous GH secretion is 
inhibited in carcinogen-treated rats, as suggested by Elson, Goulden and Warren 
(1945). At least, however, it is clear that the effect of the carcinogen on body- 
weight is not due merely to a fall in food consumption. In GH-treated rats kept 
on a restricted diet, the gain in body-weight is attributable to a metabolic re- 
arrangement, involving conservation of protein and water at the expense of fat 
(Greenbaum, 1953 ; Young, 1953). Possibly a converse metabolic re-arrangement 
occurs in carcinogen-treated rats. At present, however, there are no data for the 
effect of carcinogens on the composition of the body as a whole. 

The lack of effect of GH on the carcinogenic action of 2’-chloro-4-dimethy)|- 
aminostilbene is not incompatible with the finding of Moon, Simpson, Li and 
Evans (1950a, 19506) that female rats (initial age 8 months) given GH, but no 
carcinogen, have a high incidence of tumours at an age approaching 2 years. In 
their experiments food intake was unrestricted, so that it was possible to maintain. 
throughout the experiment, an accelerated growth rate which may itself have 
favoured the development of tumours. Experiments recently reported, with 
mice bearing a transplanted mammary adenocarcinoma, have shown that the 
effect of GH may be complex ; the immediate effect was an elevation of tumour 
weight relative to body weight, whereas the long-term effect was the converse, 
the tumour becoming more refractory to GH than the body as a whole (Smith, 
Daane, Li, Shimkin, Lyons, Sparks and Furnas, 1954). If, in the present 
experiments, food intake had not been restricted, a comparison of GH-treate:| 
rats with rats given only the carcinogen might have shown a difference whic! 
could, however, have been due merely to stimulation of appetite by GH. 

Part B.—The observation of a rise in liver-weight in rats bearing a primary 
tumour is in agreement with reports that liver-weight is increased, with no change 
in the concentration of protein or other constituents, in rats bearing transplante | 
tumours (Stewart and Begg, 1953a, 1953b; Babson, 1954; Sherman an 
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-orrest, 1955). The freeze-dried cytoplasmic fractions now isolated showed 
: creases in yield almost in proportion to the increase in liver-weight. It cannot, 
of course, be assumed that no changes occurred in the enzyme content of the 
{ractions ; indeed, it is known that the catabolism of citrate, of which the mito- 
. ,ondrial fraction is considered to be the site, is depressed in the livers of tumour- 
| earing rats (Sherman and Forrest, 1955). There were, however, no consistent 
:'mormalities in antigen composition with the fractions now obtained from 

:mour-bearing rats (Darcy and Reid, unpublished experiments ; cf. Darcy, 1955). 

Since an increased yield of the cytoplasmic fractions has likewise been found 
i. the pre-cancerous state, the effect could be attributed to the carcinogen itself, 
« meeivably acting directly on the liver. In contrast with the present findings, 
ive development of liver tumours in rats fed certain azo-dyes is preceded by a fall 
i: the yield of the mitochondrial and microsomal fractions (Price, Miller, Miller 
aid Weber, 1949; Schneider, Hogeboom, Shelton and Striebich, 1953). The 
e‘fect of 2’-chloro-4-dimethylaminostilbene on liver cytoplasm may, of course, 
le quite unrelated to its carcinogenic action, for which the liver is not a site of 
predilection with the diet and the carcinogen now employed (Table I; ef. Elson, 
1952). 

In the pre-cancerous state there was little rise in liver weight. There was no 
cross indication of a fall in the amount of material in the ** nuclear ”’ fraction (in 
which some unbroken cells are present) to off-set the observed rise in the amount 
of cytoplasmic material. It is possible that there was a fall in the water content 
of the liver. 

The concentration of RNA in the cytoplasmic fractions was not significantly 
diminished either before or after the development of tumours. The finding of 
increased basophilia in the livers of tumour-bearing animals (Ceriotti, 1955) is 
thus compatible with the present findings, which are, however, difficult to compare 
with those reported by Lombardo, Travers and Cerecedo (1953). These authors 
found an increased concentration of RNA in liver, on a dry-weight basis, in tumour- 
hearing mice ; but there are no data to enable their values to be related to liver 
weight or to body weight. The present findings are quite different from those 
observed with azo-dyes, which may diminish the amount of RNA in the mito- 
chondrial and microsomal fractions (Price et al., 1949 ; Schneider et al., 1953). 

Although it is generally considered that RNA plays some role in protein 
synthesis, this may not be the sole function of RNA (cf. Reid and Stevens, 1956), 
and it would be quite premature to speculate on the metabolic significance of 
changes in the amount of liver RNA in association with cancerous changes in the 
liver or elsewhere. 


SUMMARY 


(A) Female rats given 2’-chloro-4-dimethylaminostilbene by intraperitoneal 
injection gained less weight during the treatment than untreated rats kept on the 
same food intake. Concomitant treatment with pituitary growth hormone (GH) 
restored the weight gain to normal. Neither the incidence nor the topical 
distribution of the tumours ultimately obtained was markedly influenced by 
GH treatment, given either throughout the experiment or only initially. 

(B) Rats bearing tumours induced by 2’-chloro-4-dimethylaminostilbene 
showed liver enlargement, together with a rise in the yield of each of the fractions 
isolated from liver cytoplasm by differential centrifugation. A similar rise in 
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the yield of each fraction, but no liver enlargement, was observed in the carcinogen - 
treated rats before tumours had developed. The concentration of ribonucleic 
acid in the various liver fractions was within normal limits. 

The author is much indebted to Dr. L. A. Elson for comments and suggestions, 
to Mr. J. A. Marsh and his staff for careful maintenance and treatment of the 
experimental animals, and to Mr. B. C. V. Mitchley and Dr. E. S. Horning 
for performing post-mortem and histological examinations respectively. 

The investigation was supported by grants to this Institute from the Britis) 
Empire Cancer Campaign, the Jane Coffin Childs Memorial Fund for Medica| 
Research, the Anna Fuller Fund, and the National Cancer Institute of the Nationa| 
Institutes of Health, U.S. Public Health Service. 
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THE EFFECTS OF SULPHONAMIDO-AZO-COMPOUNDS 
ON AZO-CARCINOGENESIS 
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As an extension of work on the inhibition of azo-carcinogenesis by azo- 
compounds which could yield p-aminobenzoic acid on metabolic breakdown 
(Crabtree, 1955) it seemed of interest to study any influence which analogous 
precursors of sulphanilamide might exert on this process. The five azo-compounds 
A, B, C, D, and E were prepared and tested by the experimental methods used 
previously. 

A. 
B. 4-sulphonamido-2!-methyl-4!-aminoazobenzene 
C. 
D. 4-sulphonamido-4!-hydroxyazobenzene 

E. 


Preparation of sulphonamido-azo compounds 

A. Sulphanilamide (1 mol) was diazotised at 0-5° at a dilution sufficient to 
avoid precipitation of the diazo-compound. Sodium acetate was added in excess 
and o-toluidine hydrochloride (1 mol) slowly run in over 2 hours. The orange 
azo-compound was crystallised from aqueous acetone, giving clusters of fine 
needles, M.p. 158° (decomp.). 

B. Diazotised sulphanilamide was coupled to m-toluidine, as in the preparation 
of A. Needle clusters were obtained from aqueous acetone. M.p. 100° (decomp.). 

C. (a) diazoamino-compound.—Diazotised sulphanilamide was coupled to 
p-toluidine as in the preparation of A. The pale yellow diazoamino compound, 
recrystallised from EtOH gave prismatic needles. M.p. 162° (decomp.). 

(b) Conversion of (a) toC.—One mol (a) + 1 mol p-toluidine hydrochloride + 5 
mols. p-toluidine were heated together at 70—-75° for 12 hours. The melt was 
alkalised with hot dilute NaOH, and excess p-toluidine was removed by steam 
distillation. The residue gave prismatic needles from aqueous EtOH. M.p. 116°. 

D. Diazotised sulphanilamide (1 mol) at 0-5° was slowly added to a cold 
solution of phenol in excess NaOH. The yellow precipitate obtained by acidifica- 
tion gave clusters of leaflets from EtOH. M.p. 260° (decomp.). 

E. Diazotised sulphanilamide was coupled with dimethylaniline as in the 
preparation of A. Needle clusters from EtOH. M.p. 272° (decomp). 


Mctabolism of A, B, C, D, and E 

The analyses of urine from rats consuming the compounds A, B, C, D or E was 
carried out by the methods used previously for a group of azo-compounds believed 
to vield p-aminobenzoic acid on metabolic breakdown (Crabtree, 1955). 
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Powdered rat-cubes containing 1 per cent of any one of these substances was 
fed for 2 days, and the combined urines of 4 rats were analysed daily. During th» 
first 3 days free diazotisable material increased 38—93-fold, and total diazotisab! 
material 30—145-fold, but little change in the concentration of reducing substance 
occurred. At the end of 5-6 days no significant differences from the values obtaine | 
for normal control urines were detectable. 

By hydrolysing 300 ml. of urine containing much diazotisable material wit): 
HCl, neutralising with NaOH and concentrating, crude sulphanilamide was thrown 
down, and was crystallised from water. 

The other products of metabolism were not isolated. 


Influence of dietary additions on the rate of growth of rats 
During the earlier part of the experimental period (4-6 months) differences i. 

the rate of growth of rats were observed, presumably determined by the various 

azo-compounds added to the semi-synthetic diet. 

(a) Sulphonamido-azo-compounds alone.—Rats fed on the diet containing 
0-06 per cent of any one of the Compounds A, B,C, D or E grew more quickly than 
controls consuming the diet alone, during a period of 4-5 months. These increascs 
of growth rate varied from group to group, Compound D producing the least 
effect and Compound C the greatest. The mechanism by which these effects on 
growth are produced is not clear, but may well be indirect and referable to a 
disturbance of the intestinal flora. This is strongly suggested in the case of 
sulphanilamide itself, which, at a concentration of 0-4 per cent induced a rate of 
growth even higher than that due to the Compounds A, B, C, D or E. This increase, 
however, was not maintained, and weight losses occurred progressively during the 
next 3 months. At this stage, by omission of sulphanilamide from the food, growth 
was resumed. 

(b) Sulphonamido-azo-compounds + p-dimethylaminoazobenzene (B Y).—During 
the first 3 months of the experimental period little difference in the growth rate 
of groups of rats consuming BY alone or in conjunction with A, B, C, D or E, was 
evident. Subsequently the latter groups maintained a steady average weight, but 
BY alone caused a slow decline in weight during the period when liver tumours 
began to emerge. 

(c) Sulphonamido-azo-compounds + 0-aminoazotoluene (O : O).—Differences in 
growth-rate were similar to those described in (b), i.e. slightly better growth for 
3-4 months, followed by growth-maintenance in the groups consuming O: 0 
together with A, B, C, D or E in contrast to a slow fall in weight in a group of rats 
consuming O : O alone. 

These weight changes are roughly correlated with the rate of tumour induction, 
and again iJlustrate the common observation that increased growth-rate (or better 
weight-maintenance) is associated with delayed emergence of tumours. 


Influence of A, B,C, D and E on the rate of induction of liver tumours by 4-dimethy!- 
aminoazobenzene (BY) and o-aminoazotoluene (O : O) 

Wistar rats, 3-4 months old, with males and females separated, were fed on 
the basic semi-synthetic diet described previously (Crabtree, 1949), with the 
additions listed below. Each experiment with BY was made on a group of !6 
rats, and all other experiments on groups of 12 rats. 
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SULPHONAMIDO-AZO-COMPOUNDS 
Additions 


.Sulphanilamide ‘ ; . 
.A,B,C,DorE . . 

. BY + Sulphanilamide . . 0-04% 
.BY+A,B,C,DorE . . 0-06% 

.0:0-+ Sulphanilamide . . 
.0:0+ A,B,C, DorE . 


Control Groups 


BY (0-04%) Groups 


O: O (0-06%) Groups 


Wi — = 


In the BY groups, the additions of A, B, C, D or E were reduced to 0-03 per 
ont after 98 days, and after 10 months the O : O groups were fed on rat-cubes for 
i+ days, after which the original diet was consumed. 


‘aBLE I.—Eaperiments with Sulphonamido-compounds Alone and in Conjunction 
with o-Aminoazotoluene (O : O), showing Condition of Liver at Time of Death. 


Average time 
Average of detection Liver. 
time of gross 
to death tumours Minute Gross 
Additions to diet. (days). (days). **Normal.”’ tumour foci. tumours. 
Sulphanilamide 450 ‘ 11 
609 8 
460 12 
521 ‘ 12 
509 ll 
447 9 


:Oalone. ‘ 10 rats Died early 
:O + Sulphanilamide . 502 . 510 


The results are collected in Fig. 1 and Table I. In Fig. 1 each mark indicates 
the time when a palpable tumour was detected in the BY groups. Since this 
method of assessment of induction times was not possible in the other groups, the 
rats’ livers were examined at death and defined as “ normal ”’, or as bearing small 
or gross tumours. With BY as azo-carcinogen a moderate retardation of the 
rate of tumour induction was produced by Compounds A, B, C, D, but Compound 
E produced no effect, and proved to be a mild carcinogen. 

With O: O as azo-carcinogen, the results are less easy to assess since 10 of 12 
rats consuming O: O alone died before 300 days, a time too short for tumour 
induction. The considerable variations in the average time of appearance of gross 
tumours suggest that 4 of these compounds caused some degree of inhibition, and 
the shorter average time of induction in the group consuming Compound E seems 
to support this view. 
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Comment 
The mechanisms by which these precursors of sulphanilamide (or the related pre- 
cursors of p-aminobenzoic acid) produce their effect on the rate of liver-tumour 
induction are not easy to define. Two suggestions can be made : 
(1) Competitive displacement of the carcinogens at the sites of enzyme 
activity ; which would be equivalent to lowering the effective dosage of the 
carcinogens. 


BY alone 00k 


BY 
+ 


Sulphanilamide 


BY+A 


a ! ! l 
120 ©6140 160 200 220 #8240 260 280 
Days 


Fie. 1.—Experiments with p-dimethylaminoazobenzene (BY) 
showing times when palpable tumours were detected. 


(2) The effects are produced indirectly and are determined by disturbances in 
the equilibria of the metabolic activities of intestinal flora. This is supported by 
the rise in growth-rate produced by sulphanilamide itself in the earlier phases of 
the experiment, and the delayed rate of tumour induction which results when it is 
consumed in conjunction with the azo-carcinogens. 


SUMMARY 
1, Five azo-compounds which yield sulphanilamide on reductive fission have 
been prepared ; their metabolism and influence on azo-carcinogenesis have been 


studied. 
2. Four of them—4-sulphonamido-3!-methyl]-4!-aminoazobenzene, 4-sulphona- 
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:nido-2!-methyl-4!-aminoazobenzene, 
vene, and 4-sulphonamido-4!-hydroxyazobenzene—when fed in conjunction with 
or o-aminoazotoluene produced a moderate retarda- 
tion of the induction time of liver tumours. One of them—4-sulphonamido-4'- 
cimethylaminoazobenzene—had no effect on the rate of tumour induction, and 
proved to be moderately carcinogenic. Sulphanilamide itself when fed with 
-areinogen, delayed the time of tumour induction. 

3. During the earlier period of the experiment, rats consuming these azo- 
-ulphonamides in the absence of carcinogens, grew, in variable degree, more 
.uickly than controls consuming the diet alone. A similar, but greater increase of 
.rowth-rate occurred when sulphanilamide alone was consumed. 

When azosulphonamides were fed together with carcinogen a more prolonged 
maintenance of weight occurred during the period when the carcinogen alone 
caused a slow decline in weight. 


REFERENCE 
(RABTREE, H. G.—(1949) Brit. J. Cancer, 3, 387.—(1955) Ibid., 11, 310. 
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THE precise histogenesis of the human seminoma is not known, beyond the 
similarity of the tumour cells to spermatogonia and spermatocytes, the occasiona| 
occurrence of intra-tubular seminoma, and more rarely limitation of this growth 
to the seminiferous tubules. Dixon and Moore (1953), in their analysis of 990 
confirmed cases of testicular tumour, found intra-tubular growths in 23 per cen‘ 
of the seminomata and occasionally exclusive intra-tubular seminoma. This 
finding of intra-tubular seminoma has often been noted in the past (Hartmann 
et al., 1922; Bell, 1926). The higher incidence of testicular tumours, particularly 
seminoma, in cryptorchidism has been noted by many observers, but the published 
incidence varies considerably. In relation to testicular malignancies as a whole, 
the incidence of malignant undescended testis is in certain series as high as 15 
per cent (Scott, quoted by Carrol, 1949). 

Seminomas have been described in the dog, horse, mule, bull and other 
animals, but they appear to occur with extreme rarity in the smaller laboratory 
animals. Tumours arising from the interstitial cells of Leydig, rare in man, 
occur more frequently in animals. Gillman, Gilnert and Spence (1953), in the 
course of a study of phaeochromocytoma in the white rat found 31 interstitial 
tumours in 161 male rats, and Gardner (1943) reported the same tumour in cross 
strains of white mice. Curtis, Bullock and Dunning (1931) described the 
occurrence of a typical seminoma in a 31-months-old rat in a colony of 489 rats 
used in the study of induced cysticercus sarcoma of the liver, and coming to 
autopsy between 1920 and 1929. They point out that only 15 males lived to 
this age. 

nll the past thirty years, attempts to produce testicular tumours have 
been made with varying success. Michaelowsky (1928 and 1930) reported the 
production of teratomata in the testes of roosters after the injection of zinc salts 
in solution, and this work has been confirmed by Bagg (1936) and others ; it was 
noted that the tumours appeared only when injection was performed in the 
spring at the time of gonadal activity or this was stimulated by accompanying 
injections of pituitary gonadotrophic hormones. Similar tumours have been 
produced in fowls by injection of copper salts. 

In view of the alleged etiological importance of trauma, Willis (1934) attempte: 
to produce (by various forms of traumatic and chemical stimulation) testicular 
teratomata in the albino rat, but met with no success. The agents used include! 


* Present address : Department of Pathology, St. George’s Hospital Medical School, London, 8.W ! 
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sine salts and other forms of chemical and mechanical trauma. Several other 
ittempts to induce epithelial tumours in mammalian testes by injection of zinc 
and copper salts have also failed, although Isaka (1951) reported the appearance 
of a tumour in the testis of a white rat after the injection of aqueous copper 
ulphate. He considered it to arise from the interstitial cells of Leydig, but such 
umours arise spontaneously in a varying percentage of rats of different strains. 

Champy and Layedan (1939) described seminomas in the regenerating testicles 
of birds following partial castration, but these differed histologically from the 
‘ypical mammalian types. 

The isolation and synthesis of carcinogenic hydrocarbons by Kennaway (1930) 
and Cook (1935) led to a period when attempts were made to produce neoplasms 
n practically every organ and tissue of the body. Lacassagne (1933) described a 
‘umour in the testis of the rabbit after implantation of 1:2:5: 6- 
dibenzanthracene in lard ; he considered that it arose from an adrenal rest. 

In his attempts to produce visceral tumours by implantation of pellets 
containing carcinogenic hydrocarbons in cholesterol, Ilfeld (1936) placed 
dibenzanthracene in the testes of 19 mice, but produced no tumours. Others 
lave produced sarcomas in the testis, Nicod and Regamey (1938) with methyl- 
cholanthrene in the mouse; Gullota (1953) with 3: 4-benzpyrene in the rat. 
Spinelli (1941) also produced sarcomatous tumours in the testis of the rat after 
inoculation of 5 mg. of 20-methyl-cholanthrene in lard at monthly intervals for 3 
months and again after benzpyrene. These tumours appeared after 9-12 months 
and Spinelli concluded that only the connective tissue of the testis responded to 
carcinogenic stimulus. 

More recently, Spampinato (1951) has claimed the production of seminomas in 
rats by carcinogenic hydrocarbons. By testicular inoculation of 0-2 mg. of 3 : 4- 
benzpyrene in paraffin, he has been able to obtain testicular tumours in 3 rats, 
two of which had been hemi-castrated four months after the first inoculation of 
the carcinogen. 

One of these tumours has a distinctly alveolar structure ; another is a more 
diffuse growth of cells with small round hyperchromatic nuclei and ill defined 
cytoplasm. In another rat with a well encapsulated testicular tumour, he 
illustrates testicular tubules in which he claims that neoplastic elements are 
present. Among what appear to be spermatogonia, a few cells have large nuclei. 
Spampinato (1951) found prostatic atrophy in association with these tumours, 
not the prostatic hyperplasia which Maisin (1948) found associated with interstitial 
cells tumours. 

In view of the hitherto unsuccessful attempts to induce mammalian seminomas 
or teratomas, I began in 1951 to study the effects of various carcinogens on the 
rodent testis and to investigate what influence, if any, abdominal fixation of the 
testis had on the incidence of neoplasia. 

It is noteworthy that all the previously recorded attempts to induce testicular 
malignancy have been made on an actively functioning testis, although the 
naturally occurring human disease shows such a striking accentuation in the 
e topic testis, almost invariably non-functional. As the human undescended testis 
has been retained since birth, it was felt desirable to perform a group of experi- 
nents in which the testes of young rats had been fixed as soon after birth as 
practicable. In one series the testis was fixed intra-abdominally one month 
efter birth, and in another series at seven months. The rat retains a patent 
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processus vaginalis throughout life. During the first month of extra-uterine life 
the immature testis is usually absent from the scrotum. 


EXPERIMENTAL METHODS 
The experiments performed to date fall broadly into two groups, namely : 
I. Inoculation of carcinogenic agents, in pellet form, oily or aqueous solution 
into the rodent testis at ages from three weeks to eleven months. 
II. Inoculation of 20-methyl-cholanthrene pellets into the rodent testis 
after fixation within the abdomen. 


Agents and Methods Employed 


Group I 
. 20-Methyl-cholanthrene 
In a fume cupboard, this carcinogen was mixed with cholesterol in the molten 
state at 160° C. and pellets containing 1 mg. of carcinogen were produced by 
means of thick-walled capillary tubing, using a method similar to Ilfeld’s (1936). 
Implantation was carried out by means of a wide bore serum needle and a trocar 
after exposing the testis and inserting a purse string atraumatic suture. 


B. 2-Acetyl-amino-fluorene 

In view of the sarcomatous nature of the tumours hitherto produced, it was 
decided to employ this substance, said to act on the epithelial rather than on the 
connective tissues. It was dissolved in acetone and mixed with warm tricaprylin. 
Most of the rats were injected directly through the skin with 5 mg. in 0-2 ml. by 
means of a No. 20 hypodermic needle. 


c. Zinc salts 
Ten per cent zine sulphate and 5 per cent zinc chloride in distilled water were 
injected in different series through a No. 22 needle. 


EXPLANATION OF PLATES. 


Fic. 1.—Rat 23. Section through tumour at site of the intra-abdominally fixed right testis 
with pellet in situ indicated by white arrow. 

Fic. 2.—Rat 24. Showing the pleomorphic cellular nature of the tumour. H.& E. x 330. 

Fic. 3.—Rat 18. Showing large tumour at intra-abdominal site of the right testis with 
numerous metastases throughout the peritoneal cavity. 

Fic. 4.—Rat 18. This shows remnants of tubuli recti of testis in the centre of the tumour, 
which shows a predominantly spindle cell structure. H.& E. x 120. 

Fic. 5.—Rat 20. Showing some cellular aberrancy in seminiferous tubules. H.& E. x 120. 

Fic. 6.—Rat 52. Two nodules of interstitial cell adenoma, continuous in another plane of 
section. 

Fic. 7.—Rat 77. High power view of interstitial cell adenoma showing the alveolar arrange- 
ment of the eclls with cytoplasmic vacuolation. H.&E. x 280. 

Fic. 8.—Rat 137. Necropsy specimen showing in right testis interstitial cell adenoma 
and multiple tumour growths predominantly fibro-sarcomatous in the peritoneum and 
liver. 

Fic. 9.—(a) Rat. 137. Interstitial cell tumour of right testis. H.& E. x 90. 

(6) Rat 137. Metastatic nodule of tumour in liver. H.& E. x 240. 
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D. 2-Amino-fluorene 

It has been suggested that 2-acetyl-amino-fluorene acts as a carcinogen after 
de-acetylation and most of the tumours produced have occurred after oral feeding. 
Accordingly it was considered that 2-amino-fluorene might be more active at a 
testicular site. This was prepared for injection in the same way as 2-acetyl- 
amino-fluorene and a 2-5 per cent solution employed, giving a dose of 3-75 mg. 
in 0-15 ml. 


RESULTS 


20-Methyl-cholanthrene implantation 
The principal results are tabulated in Table I and analysed further in Table IT. 
In the inoculated testis there was fibrous encapsulation of the pellet with a 
foreign body giant cell reaction around fat spaces and clefts, and degenerative 
changes with eventual calcification in a few of the surrounding tubules. 


Group II 


Intra-abdominal fixation of testis 

This was carried out by section in the right lower quadrant of the abdomen 
and, after obtaining the testis from the scrotum, suturing it to the abdominal 
muscles, more posteriorly in the flanks, by deep atraumatic sutures, to prevent it 
gravitating back to the scotum. The results are shown in Table II. 

Two rats developed tumours at the site of the intra-abdominal right testis. 
The tumour in Rat 23, which died at 18 months of age from broncho-pneumonia, 
measured 4 x 3 x 3cm. It projected into the right half of the peritoneal cavity 
and laterally invaded the abdominal muscles. The pellet, embedded in a rather 
necrotic part of the growth, still gave a greenish fluorescence under ultra-violet 
light (Fig. 1—Rat 23). Histologically this tumour showed considerable 
pleomorphism, tumour giant cells with atypical mitosis being present among 
rather squat spindle cells. Two or three mitotic figures per high power field were 
present. No remnants of testicular or epididymal tissue could be recognised 
(Fig. 2—Rat 23). This tumour was considered to be a fibro-sarcoma of testis. 
No metastases could be found. 

In the same series Rat 18 was found at 22 months to have a tumour at the 
site of the abdominal testis. Necropsy showed a whitish nodular tumour 
measuring 2-5 x 2 x 2 cm. with irregular areas of haemorrhage and necrosis and 
the pellet embedded in a rather necrotic nodule on its lateral aspect. Small 
nodules were present throughout the peritoneal cavity (Fig. 3—Rat 18). No 
other metastases could be found. Histologically this tumour showed close 
similarity to that in Rat 23 above and had invaded the abdominal muscles. At 
one point near the pellet in a viable portion of tumour, were remnants of the 
tubuli recti, the rest of the testis being destroyed (Fig. 4—Rat 18). Microscopy 
of the peritoneal deposits showed a similar appearance. Invasion of the liver was 
present. As with Rat 23, the appearances suggested a sarcoma arising from th: 
interstitial connective tissue of the testis. Rat 20 in the same series died o! 
broncho-pneumonia at 18 months and microscopy showed aberrant changes in 
the degenerate seminiferous tubules. Most of the tubules were lined by larg: 
cells with hyper-chromatic nuclei and a moderate amount of basophilic cytoplasm, 
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hut giant cells with atypical and multiple nuclei and abnormal mitoses were 
} resent in a few (Fig. 5—Rat 20). 

The abdominal testes of the other rats of this series (Series III) showed atrophic 
changes only. The pellets were apparently unchanged and still gave some 
:reenish fluorescence. 


(‘ther tumours observed 


Tumours of the interstitial cells of Leydig.—In the methyl-cholanthrene series 
cf experiments, four of these tumours appeared in the non-inoculated testis. In 
!.ats 77 and 65 simple implantation of carcinogen into the right testis was 
employed and these testes showed degenerative changes in the tubules and 
{ brous encapsulation of the pellet, with decrease in the interstitial cells of Leydig. 
Interference with testicular blood supply at implantation or the effects of the 
iterstitial cell tumour of the opposite testis may have been responsible for the 
iiarked degeneration here. In Rats 10 and 52, the right testis had been fixed 
intra-abdominally ; implanted with carcinogen at the time in the former, and 
seven months later in the latter. In Rats 10 and 65 the opposite testis was 
somewhat enlarged and replaced by this bright yellowish tumour. No semi- 
niferous tubules remained. In Rats 52 and 77, characteristic orange yellow 
nodules were present in the rather hydropic testes (Fig. 6—Rat 52). 
Histologically these growths consisted of lipoid laden cells with fairly distinct cell 
boundaries and small globular nuclei containing one nucleolus. A few contain 
lipochrome granules and in several the cells are arranged in cords and an alveolar 
formation in a vascular stroma with associated haemorrhage. Areas of lympho- 
cytic infiltration are present (Fig. 7; photomicrograph Rat 77). 


Reticulum cell sarcoma.—One rat died five months after intratesticular im- 
plantation, apparently from intestinal obstruction, and two rather haemorrhagic 
tumour nodules of reticulum cell sarcoma were present in the mesentery of the 
ileum. Its right testis, fixed to the lower part of the psoas muscle by adhesions, 
showed degenerative changes and fibrous encapsulation of the pellet. 


(ontrol experiments—methyl-cholanthrene series 


The carcinogenic activity of these methyl-cholanthrene-cholesterol pellets has 
heen borne out by the high incidence of tumours produced subcutaneously in 
eight out of twelve rats inoculated. Table III shows that of these eight sarco- 
mata, all developed at least one year after inoculation of the pellet. Histologically 
these tumours were spindle cell growths with pleomorphic areas and moderate 
numbers of mitoses. No metastases were found grossly or microscopically at 
the time of death, although locally there was invasion of muscle and skin. Fifteen 
ruts in which the methyl-cholanthrene pellets had been present in the testes for 
18 to 21 months had the pellets extracted, washed and implanted subcutaneously 
in new hosts of the same strain 4 months old. The rats, approximately equal 
numbers of either sex, developed two subcutaneous fibro-sarcomata at 5 months, 
after which all had to be killed. One of these developed in each sex. It is 
interesting that all these pellets at the last necropsies, 26 months after original 
implantation, still gave a strong yellowish-green fluorescence under ultra-violet 
light, thus indicating that an appreciable quantity of methyl-cholanthrene 
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remained unabsorbed, and that in the testis, even the connective tissue is slow to 
be affected by this substance. 


TaBLE III.—20-Methyl-cholanthrene Control Series. Implantation into 
Subcutaneous Tissues of Loin of Pellets as used in Previous Experiments. 


Age when tumour noted— 


Number developing Age at 
Numbers tumours at date of 12-18 18-24 24-30 
Series X. involved, site of pellet. inoculation. months. months. months. 
Male 6 3 6 months — — — 
Female . 6 5 6 » 
Total 12 8 —_ 1 3 4 


2-Acetyl-amino-fluorene series 

Sixteen male rats, aged 4 months, had intra-testicular inoculation of thi. 
carcinogen as described above. One, Rat 137, died after 10 months, the other; 
were killed after 14 months. 

In 2 of the 16 animals injected with 5 mg. of the carcinogen in 0-2 ml. of 
tricaprylin, tumours of the interstitial cells of Leydig arose in the inoculate: 
testis. In one, Rat 137 (Fig. 8), there was in addition to the testicular tumour 
diffuse infiltration of the peritoneal cavity by tumour nodules with invasion of 
the kidneys and liver. The testicular tumour, like the other interstitial cel 
tumours, contained lipoid-laden cells with few mitoses, but in places the cells were 
more spindle-shaped. The peritoneal and hepatic tumours were seen to be 
rather pleomorphic sarcomata with numerous mitoses. Only a few of the tumour 
cells contained lipoid. The reticular pattern of the testicular and peritone:| 
growths is somewhat different (Fig. 9a, b—photomicrograph Rat 137). In 
the other ease of interstitial cell tumour, Rat 138, there were no other features. 
In both these cases and in the other 14 rats which eventually came to necropsy, 
there was fibrous encapsulation of the inoculum, which had darkened 
considerably. There was some interstitial cell hyperplasia and patchy degenera- 
tion and calcification of tubules. 


Zinc salts 
Results are tabulated in Table IV. 


TaBLeE IV.—Aqueous Zinc Salt Injections Into Right Testis of Rats 


Inoculum, 
0-15-0-20 ml. 0-15 ml. of 
of 10% zine 5% zine 
sulphate. _ chloride. 
Number of rats 19 29 
Age of inoculation (months) 3 
Age when killed (months) ‘ ; 19 ‘ 18 
Testicular tumours 0 0 
Changes in inoculated testis. . All showed extensive hyalinisation of 


tubules with several tubules calci- 
fied. Ina few seminiferous tubules 
Sertoli cells remained with de- 
generate spermatozoa. Interstitial 
cells present in moderate numbers. 
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One rat—Rat 150—died 8 months after inoculation and was found to have a 
|. rge retro-peritoneal fibro-sarcoma arising near the pancreas. Another died of 
leukaemia 18 months after inoculation. This rat showed enlargement of spleen 
aud mesenteric lymph nodes, infiltration of liver and primitive white cells in the 
peripheral blood. 


2. Amino-fluorene 


The 9 rats injected with this carcinogen locally into the testis showed no 
malignant testicular changes after 6 months when all were killed. The inoculum 
was encased in fibrous tissue and many tubules showed degeneration and 
calcification. 


DISCUSSION 


Experimental Series III of 15 rats (Table II) proved the most productive. 
Young male rats 1 month old were employed, the testis was fixed intra- 
abdominally at that age, and soon after, before notable testicular changes 
could oceur, the implantation of carcinogens was carried out. Seven of these 
animals survived to 2 years of age and the two malignant tumours which 
developed arose at an age of 1 year 10 months and | year 6 months. Neither 
of these tumours bore any resemblance to human seminomas, being spindle 
cell sarcomas closely similar to those produced in the subcutaneous sites (Fig. 5 
and 7). They do not correspond to Sertoli cell tumours, which are usually 
alveolar in structure and they bear no resemblance to the tumours of the inter- 
stitial cells of Leydig, which appeared in other rats. The only proliferation of 
fibroblasts seen in the sections of inoculated testis was in the immediate capsule of 
the pellet and it would seem more likely that these too neoplasms arose from 
these, from the slightly thickened testicular capsule, the scanty connective tissue 
stroma, or the adjoining abdominal wall. The last mentioned origin was unlikely 
as invasion of the abdominal musculature was early and the growths were mainly 
intra-abdominal in site. The methyl-cholanthrene would appear to have been 
very slowly absorbed from the pellet and subsequent calcification of its shell 
might have impaired further absorption, but the continuing potency is well borne 
out by the carcinogenic activity in a new subcutaneous site as shown in Table V. 
This would seem to indicate that the small amount of interstitial connective 
tissue in the testes responds very slowly and only rarely to this potent carcinogen, 
compared with the subcutaneous connective tissue which responds frequently 
and in a much shorter time (Tables IV and V). Both the tumours arising at the 
site of the intra-abdominal testis appear to have destroyed it almost completely, 
only a few tubuli recti remaining in one. The question of their origin from the 
interstitial cells must be considered. It is accepted by many that the interstitial 
cells of Leydig are modified fibroblasts. The characters peculiar to these cells 
appear in their hyperplasias and neoplasms and also in their metastases, although 
Masson and Sencert (1923), reporting a malignant interstitial cell tumour in a 
man aged 62 years noted that the metastases occurring in the nodes, abdominal 
wall and lungs showed a more uniform cellular structure, quite different from 
normal Leydig cells. Their diagrams show, however, a clear cell structure. 
Innes (1942) describes interstitial cell tumours in animals and comments on their 
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vascular nature; the two intra-abdominal testicular tumours showed none of 
these features. 

The significance of the tubular changes in Rat 20 are difficult to assess. I) 
an epithelium so primitive and undifferentiated as the seminiferous tubules an | 
so liable to degeneration it is not easy to decide when pre-malignant change ha ; 
occurred and although these appearances (illustrated in Fig. 4) are probably 
sequal to intra-abdominal fixation of the testis or to methyl-cholanthrene, it i, 
by no means certain that they would have progressed to frank intra-tubula : 
carcinoma. It was thought that the combination of experimental cryptorchidis: : 
closely mimicking the natural defect in humans and the implantation of carcin« 
genic pellets might have produced a small number of testicular tumours. A: 
the pellet had so little destructive effect on the testis, it was not considere: 
worth while to see the effect on a large scale of intra-abdominal fixation alone. 
The production of testicular sarcomas in 2 rats and atypical tubular changes i: 
another occurred in the 40 rats with an abdominal testis, while the results in th. 
79 rats with normally sited testes implanted with methyl-cholanthrene wer» 
completely negative. The numbers, however, are too small to be of statistical! 
significance. They do not show any noted tendency of the testis when artificially 
placed within the abdomen at an early age to undergo malignant change. In the 
human cryptorchid, hormonal control of the descent is generally believed to be 
abnormal, and in that respect the experiments performed to date do not reproduce 
exactly the same set of circumstances. As previously mentioned the processes 
vaginalis remains patent in the rat and natural cryptorchidism with a non- 
functioning testis would appear to be extremely rare. 

The 6 cases of interstitial cell growth show histological appearances identical 
with previous cases reported in the literature. That none occurred in the 48 rats 
of a different colony injected with zinc salts may be of some significance, but the 
number of cases is too small to draw any conclusion. The tumours or hyper- 
plasias of interstitial cells were discovered at autopsy, and were therefore found 
mainly in the older animals. In Rats 137 and 138, injected intra-testicularly 
with 2-acetyl-amino-fluorene at 5 months and dying at 1 year 11 months, the 
Leydig cell growths appeared in the inoculated testes—the only instance in which 
this occurred. Statistical analysis shows a reasonable probability that they have 
arisen by chance in the inoculated rather than the untreated testis. The 
probability level is 0-50. The omental and hepatic growths described in Rat 137 
are largely spindle cell growths with pleomorphism in places, although a few 
lipoid laden cells are present. It was considered, however, despite Masson and 
Sencert’s case (1923) that the appearances did not justify identifying these growtlis 
with the benign-looking adenoma in the testis, although such a possibility could 
not be excluded (Fig. 9). 


SUMMARY 


The experimental attempts in the past 30 years to induce in animals testi- 
cular neoplasms comparable to those arising spontaneously in man have been 
reviewed. 

A fresh attempt has been made to induce tumours in the rodent testis in tle 
hope of providing material for studying the histogenesis of the common humen 
types, especially the seminoma. 20-Methyl-cholanthrene-cholesterol pellets, 2- 
acetyl-amino-fluorene, 2-amino-fluorene, zinc chloride and zinc sulphate solutions 
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lave been employed at different age periods and with methyl-cholanthrene, a 
, roportion of the animals had intra-abdominal fixation of the injected testis. 

In the experiments which have been described, two fibro-sarcomatous tumours, 
cae with metastases, arose at the site of the intra-abdominal testis. The possible 
crigin of these from different testicular or extra-testicular tissue is discussed. 
‘hese tumours arose in a group of 15 rats in which the testis was fixed intra- 
aodominally at one month of age and implanted with a methyl-cholanthrene- 

\olesterol pellet at one month later. In the same group one animal showed 

ossible pre-malignant change in the seminiferous epithelium. In the 119 rats of 

.e methyl-cholanthrene series, 4 interstitial cell growths appeared in the opposite 

‘stis : in 2 of these the inoculated testis had been intra-abdominal. The relation- 
sip between functional activity and malignancy in the naturally occurring 
<isease and in experimental work is discussed. 

No interstitial cell growths arose in 48 rats from a different colony inoculated 
vith zine salts. 

Two interstitial cell growths arose in the inoculated testis of 2 rats 18 months 
aiter inoculation of 2-acetyl-amino-fluorene. These rats, members of a group of 
is, were 2 years old at time of post-mortem examination. One had multiple 
{ibro-sarcomatous tumours with clear cell areas throughout its peritoneal cavity 
and in the liver. These numbers are too small to attach significance to origin in 
the inoculated side. 

The results obtained by inoculation of zine salts and 2-amino-fluorene were 
essentially negative in producing testicular malignancy. 


I should like to acknowledge my indebtedness to Professor D. F. Cappell for 
his advice at all stages of this experimental work and his criticism of the 


manuscript ; to Professor T. Crawford for all the photo-micrographs. 

My thanks are due to the technical staff of the Department of Pathology at 
the University and Western Infirmary, Glasgow and St. George’s Hospital Medical 
School, London, for many of the histological preparations ; to Mr. Kerr of the 
Department of Pathology, Glasgow University, and also the Photographic 
Department of St. George’s Hospital, London, for the photographs of gross 
specimens, 
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THE experiments recorded in this paper were carried out to control and amplify 
a short series of preliminary observations which suggested that extracts prepared 
f/m the urine of normal pre-menopausal women possess considerable mammo- 
t) phic activity and are capable of inducing a significant acceleration of cellular 
» ultiplication and differentiation in the hormone dependent epithelium of the 
nammae of weanling male mice (Scowen and Hadfield, 1955). 

The preliminary experiments were carried out in two stages : 


1. Preparation of the urinary extract. 

The protein contained in a 72 hours’ specimen of urine was precipitated by 
alcohol, the precipitated protein extracted by distilled water, the solution dialysed 
and its protein re-precipitated and dried. This technique follows the familiar 
\\ linefelter bioassay for the estimation of pituitary gonadotrophin in human urine. 


li. The biological experiment 

The dried powder was extracted with enough distilled water to administer 
twice daily, for five days, by subcutaneous injection, 0-1 ml. of clear supernatant 
tv each of twelve weanling male mice aged between 24 and 25 days. 

Each weanling yielded an average of five mammary glands and each of the 58 
to 62 glands was examined for the structural changes associated with recent 
acceleration of growth. Two groups, one of intact normals, the other of oestrone- 
treated normals, were included in each experiment. 

The experiments which form the subject of this present communication have 
confirmed the original observation and show that normal pre-menopausal female 
urine possesses considerable mammotrophic potency. The effect of urinary 
extracts on the growth and development of the weanling male mouse breast has 
been compared with the changes produced over a period of five days by the ovarian 
and pituitary hormones known to be concerned with normal mammogenesis. 
A greatly simplified modification of the original Klinefelter extraction process, which 
saves time and considerably increases mammotrophic potency, has been introduced. 
The original technique used for the isolation of the mammary gland has been 
simplified, and a workable and reasonably accurate method for estimating the 
degree of recent growth acceleration in the stimulated mammary gland evolved. 
The output of the mammotrophic agent has been shown to wax and wane during 
the menstrual cycle. 

Klinefelter extracts of human urine contain an uncertain proportion of the 
total amount of excreted pituitary gonadotrophin. It is reasonable to suppose 
that they may also contain a mammotrophic protein hormone of pituitary origin 
whose estimation may throw some light on hypophyseal function. It was largely 
on the basis of this supposition that the original experiments have been repeated 
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and, having satisfied ourselves that human urine does contain a mammotrophic 
substance in considerable quantity, we have concentrated much of our efforts in: 
making its estimation adaptable for use in any well-equipped laboratory as par‘ 
of a complete pathological investigation of patients suffering from breast cancer. 
In this connection the functional quiescence and rudimentary structure, togethe: 
with the remarkable reactivity of the mammae of the weanling male, have smoothed 
out many of the complexities associated with the use of the female mouse at any ag: 
and of the adolescent or mature male. 

We would like to emphasize that this communication is an account of work in 
progress, especially with regard to the estimation of mammotrophic activity in 
significant number of specimens of urine of all ages and in both sexes. 


THE BIOLOGICAL EXPERIMENT 


Some General Considerations 


Extracts of human urine tend to have a serious toxic effect when injected into 
mice and for this reason we have deliberately used a robust commercial breed of 
albino mice—the Swiss Schneider, obtainable from Messrs. Scientific Anima! 
Supplies, Home Farm, Aldenham Park, Elstree, Hertfordshire—in which the 
weanlings are strong and well-grown. This choice has, of course, entailed a carefu! 
examination of « large number of weanlings of this strain to estimate the degree of 
normal structural variation in the mammary gland. The details of these contro! 
experiments are recorded later in the paper, but it was found in an examination of 
1000 normal mammary glands from male weanlings of the Swiss Schneider strain 
that 78-8 per cent of them were so small and had so rudimentary a structure that 
a recent, experimentally-produced acceleration of growth could be readily observed 
and numerically assessed with a satisfactory degree of accuracy. These mammae 
consist of little more than a slender main duct of varying length and often having 
a limited number of short primary branches. It is highly characteristic of these 
glands that they show no “ clubs’ or end-bulbs at the free ends of their ducts 
and a relatively small number of duct buds along their length (Fig. 15), and it 
may be safely assumed that, at this age, they are not and never have been subjected 
to any significant degree to a specific mammotrophic stimulus. On the other hand, 
they react vigorously and rapidly to the administration of the oestrogenic ovarian 
hormones and even more vigorously to large doses of prolactin and to potent 
extracts of premenopausal urine. 

Critical examination of the reacting mouse mamma is greatly facilitated by 
the fact that all the branches of the reacting duct system lie in almost the same 
plane with remarkably little overlapping. On the other hand, a long period of 
stimulation will produce a “ feminised ”’ gland of such complexity that a numerical 
assessment of growth becomes time consuming and difficult. We have found that 
hormones and urinary extracts produce a satisfactory and easily assessed response 
after a period of five days giving two injections a day. 


Isolation and Examination of the Mammary Glands 


The animals are killed by coal gas during the morning after the last evening 
injection. The skin is removed by making an incision as accurately as possible in 
the mid-line of the back from the vertex of the skull to the root of the tail. The 
four paws are cut through and the limbs removed by cutting through just below 
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tle elbow and knee joints. In removing the skin the carcase is held firmly, the 
s! in lightly, and the carcase pulled away from the skin. Heavy pressure on the 
si in may damage the glands, especially those near the axilla in relation with the 
f.re-limb.’ Each skin is labelled carefully and pinned down, deep surface upper- 
nost, upon a paraffin wax block made by pouring molten paraffin wax to a depth 
o ? inch into an enamelled iron meat dish and allowing it to set. A conveniently- 
s zed dish, which will hold a total of 20 skins, measures 17} x 13} inches and 2 
i ches in depth. In pinning out, the cut edges of the skin must not be allowed to 
roll up. Bouin’s fluid is then poured into the dish to a depth of 1 inch and the 
container is covered by a glass plate or another dish. Fixation is complete in 24 
hours. The skins are then removed and immersed in 50 per cent alcohol in which 
they are left overnight and in which they may be stored indefinitely. 


a 


+— Milkline 


Fic. 1.—Diagram showing position of mammary glands. Glands enclosed in rectangle. x 2. 


It is the common practice in examining the mammae of mice to separate the 
gland-bearing fat, aponeurosis and muscle in one sheet from the hair-bearing skin 
by blunt dissection. This is a simple matter in adults but difficult and time- 
consuming in weanlings, and frequently results in loss and damage to glands. 
We therefore search for the mammae in the unstripped skin. As they are small and 
have no nipples, and their colour is almost the same as the fat in which they lie, 
their unaided identification in weanlings is tedious and difficult. We therefore 
stain the whole specimen, including the overlying hair-bearing skin, in alum 
carmine, which stains the glands deeply, can penetrate the breast fat, and is far 
preferable to haematoxylin. Each specimen is then examined in 50 per cent alcohol 
in a Petri dish of convenient size to fit the stage of a Greenough binocular micro- 
scope using a magnification of 15 diameters, a green filter and transmitted light 
from an intense light source. Every effort is made to isolate six glands from each 
animal. Fig. 1, 13, 14, (diagram and colour plates) show the position and direction 
of the *‘ milk line ” in relation to the anterior mid-line, the “ arm hole ” of the 
foiepaw, the fan-shaped muscle which becomes prominent after treatment with 
50 per cent alcohol, and the prominent vascular markings which are best seen in the 
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unfixed skin. As each stained gland is identified it is cleaned of fat and muscle and 
cut out of the pelt, leaving a liberal margin of tissue to facilitate handling w th 
forceps. The glands are dehydrated, cleared and mounted whole and unsectioned, 
preferably in the same relative positions on the slide which they occupied in the 
animal. One gland, usually the first thoracic, is occasionally congenitally abse:t. 


Estimation of Recent Growth Acceleration 


In the strain we use the weanling male mammae remain rudimentary from 
weaning at the 21st day to about the 34th day; they then grow slowly up \o 
sexual maturity at about 90 days. During this period of approximately 56 da s 
a fairly intricate duct system develops, the gland acquiring the same structural 
complexity as that of the female weanling. It is clear, therefore, that the mamm ie 
of this strain are being subjected to a continuous mild mammotrophic stimul is 
during adolescence and this raises two important considerations. 

In the first place, as the male adolescent mammae slowly develop they become 
increasingly insensitive to the injection of hormones as the gonads and adren | 
cortex come into full activity. In any case, the adolescent male mammae in the 
strain we used was almost invariably so complex in structure that any estimation 
of recent growth acceleration was difficult, time-consuming and probably fallacious. 

Secondly, the penetration of the breast fat by the growing duct system in thie 
adolescent male is achieved without the formation of terminal clubs. This is in 
the sharpest possible contrast with the mode of growth observed when the high!y 
reactive weanling gland is appropriately and powerfully stimulated. In a few days 
a duct system is then produced all of whose numerous branches terminate in a 
deeply-stained and highly cellular club or even a closely-set cluster of gland 
alveoli. It is clear, therefore, that the free and rapid formation of terminal clus 
is a certain indication of recent and rapid mammary growth, and in glands which 
before stimulation were “ clubless”, a simple enumeration of recently formed 
clubs should give an accurate measure of recent growth acceleration produced hy 
an experimental stimulus. 

The situation is, however, complicated by the fact that in all strains of albino 
mice a low but variable percentage of the mammae of the weanling males have a 
growing duct system with secondary and even tertiary branches, a considerable 
number of which bear clubs, whilst duct buds are visible in their lateral walls 
(Fig. 15). In 1000 mammary glands from male weanlings of the strain we used 
21-3 per cent were bearing clubs. Their distribution is shown in Table I. In a 
total of 1000 glands, the average number of clubs per gland was 1-14 and it is 
highly significant that in no animal was there any evidence of differentiation in'o 
glandular acini or lobules. 

Oestrone and prolactin over a wide range of dosage, as well as potent extracts 
prepared from human urine, will increase this average number of clubs per gland 
from five to twentyfold ; when this figure is high it is always possible to see clear 
signs of differentiation into glandular alveoli even when the gland is mounted 
whole without sectioning and examined under low magnification. 

It is clear, therefore, that if an adequate number of mice is used for each experi- 
ment the period of injection limited to five days, and a correction made for the 
“‘ freak ’”’ mice who normally have club-bearing glands, an estimate of the averaye 
number of clubs in an adequate number of glands should provide a measure of 
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th degree of recent growth acceleration produced by the injection of a mammo- 
tr. hormone. 

Strong support for this conclusion is provided by histological examination. 
('l..b formation is a process of intense cellular activity involving the epithelial and 
mcsenchymatous elements of the whole duct system during a period of rapid 
growth. During the growth phase the club consists of an almost solid mass of 
ra) idly proliferating undifferentiated epithelial cells in which mitoses are frequent, 
nv lear hyperchromatism obvious and multipolar mitoses not uncommon (Fig. 
17. There is a similar but less spectacular proliferation of the epithelium and 
m: senchyme of the whole duct system, the former, for some distance behind each 
ra idly enlarging club, becoming four to five cells thick. The club becomes 
in’ ested by a thick, ill-defined collar of amorphous ground substance in which 
ur lifferentiated proliferating mesenchymal cells and many immature fibroblasts 
are embedded (Fig. 18). This amorphous collar rapidly becomes finely fibrillated 
an l the reaction again involves the whole duct system, whilst the breast fat 
becomes rapidly transformed into cellular and finely fibrillated young connective 
tissue. This change is intense in the region of the clubs and of the newly-formed 
duct buds, the large majority of which in a recently reacting gland acquire a 
deeply-staining terminal club as soon as they erupt through the lateral walls of the 
ducts. The almost sessile club then penetrates the breast fat, spinning out duct 
epithelium behind it, and it is typical that during the growth phase the elongating 
branches have a clear, well-defined outer boundary. 

If a powerful mammotrophic stimulus is maintained for five days the rapid 
production of an adequate duct system by the prolific formation of large cellular 
clubs comes to an end, probably about the 3rd day. Growth then gives way to 
differentiation. When prolactin and urinary extracts are used the growth phase 
begins to abate when the greatly enlarged gland is carrying a total of between 10 
and 30 clubs. Differentiation is not a uniform process. It is often delayed in the 
peripheral part of the gland. The branches cease growing in length and width, 
lose their sharply defined external outline, and a series of small, closely-set, 
irregular masses project from their lateral walls. Each small mass is a group of 
glandular acini. When this appearance has developed, the terminal club of an 
aifeeted branch shrinks, becomes irregular in shape and is transformed into a 
primitive terminal glandular lobule (Fig. 2). Under the influence of prolactin at an 
optimum dose level, and of potent urinary extracts, up to 60 per cent of the 
branches of a powerfully stimulated gland show this process of glandular differenti- 
ation after a period of five days’ stimulation. 

The enumeration of clubs in a rapidly growing gland presents a few difficulties. 
A large terminal club is unmistakable, but it not infrequently happens that such a 
club divides into two and just before separation the club is “ bifid”. A bifid form 
has been counted as two clubs. 

It is sometimes difficult to distinguish between a developing duct bud and a 
very recently formed and almost sessile club. The bud first appears as a prominent, 
hemispherical swelling in the duct wall. It will rapidly become either a short 
unclubbed branch or a young club with a very short stalk. In the first case its free 
end will be bluntly pointed, it will stain uniformly and its walls will be parallel. 
\ery short branches may develop clubs as soon as the duct bud erupts. The 
’ stalk ’ may be difficult to see, but the club is almost spherical and deeply stained 
whilst the stalk stains less deeply. 
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DUCTS THINNER 
AS ALVEOL! FORM 


PART of REACTING GLAND SHOWING WELL DEVELOPED 
GLANDULAR _ DIFFERENTIATION 


PRODUCED BY URINARY EXTRACT AFTER 5 Days’ INJECTION 


Fic. 2.—Diagrams of duct systems. X 20. 
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total clubs hes 


total gland ds ma batch of similarly treated animals gives the average 


umber of clubs per gland. The corrected ratio ig being 
tie average number of clubs per normal gland) would then be proportional to a 
i cent acceleration of mammary growth in a group of injected animals and serve 
»3 a measure of the potency of a mammotrophic agent. This figure is referred to 
i 1 the tabulated reports of experiments as ‘“‘ Mammotrophic Potency ”’ 

Glands in which the development of glandular acini has started present a 
, eculiar difficulty. Differentiation leads to regression in size of all clubs and a 
: duction in width of their branches in that part of the gland in which differentiation 
i. proceeding. The diminishing club, however, retains its avidity for nuclear 
~ains, but it may lose much of the clear regular outline it possesses during the 
crowth phase. When glandular alveoli develop at the end of a duct they can only 
co so by replacing a club. We have therefore counted a cluster of terminal acini 
os a club. Glandular differentiation has been expressed in our experiments by 
stimating the percentage of glands in which alveolar formation is present and in 
such glands by estimating the approximate percentage of branches in which this 
was found. 

Dr. J. W. Trevan has analysed our data relating to these normal animals and 
reports as follows : 


‘“* An approximate statistical analysis has been made of the structural 
variation in the mammae of normal weanlings. If groups of 10 mice are 
used, the average number of clubs per normal gland for each such group 
will be less than 8 and probably not greater than 4 in 98 per cent of such 
groups. A more detailed analysis is in course of preparation.” 

We have therefore regarded a “‘mammotrophic potency” of 4 and over as 


being significant. 
The following gives a summary of the more important general details of the 


biological experiment : 


The ratio 


Age of mice when received . 21 days 
Injections started on . 24th to 25th day 
Average weight at 
Commencement of experiment . 90 to 10-5 g. 
End of experiment . 10-0 to 140g. 
Number of animals per test . 1 
Volume of injection . ‘ . O1 to 0-2 ml. 
Injection period y . 5 days 
Number of injections . 2 per day: total, 10 
Fixation period (Bouin’s fluid) . 24 hours. 
\Vhole pelts stained in Grenacher’s Alum carmine. 
xpected yield of glands . . 48 to 52. 
\ve clubs per gland 


* 1-14 = the average number of clubs per normal gland. 
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VARIATION IN STRUCTURAL COMPLEXITY OF THE MAMMARY GLANDS OF 7 
THE NORMAL MALE WEANLING a 


A thousand mammary glands from 205 mice were examined. The anima!s 
were in ten groups and for the most part had served as the normal controls of a 
series of experiments in which either a hormone or a urinary extract was injecte:. 
These experiments extended over a period of six months; the results are sun)- 
marised in Table I. 

TABLE I. 


Total mice . 

Average glands per mouse. ‘ 4-9 

Number of unclubbed glands 787 = 78-7 per cent 
of all glands 


Number of club-bearing glands. ° - 213 = 21-3 per cent 
of all glands 


Average number of ciubs per gland (all glands) . . 1-136 
Distribution of clubs : 
Percentage 


Number of of clubbed 
clubs. glands. 


lto 5 2- 60 
6 to 10 28 
to 15 ‘ 8 
Maximum number of clubs borne by any normal gland = 19, i.e. an incidence of 
0-1 per cent of all glands. 


Fig. 3 is a histogram showing the distribution of glands in this control series. 


Total clubs per mouse. 

The clubs were distributed among 205 normal mice in two ways. When the 
total number of clubs in all the glands of any one animal was between | and 8 
two or more glands from this animal were often unclubbed. As the number ot 
clubs per mouse increased they showed a rapidly increasing tendency to be distri- 
buted amongst all the glands of a relatively small number of “‘ freak ”’ animals. 


TaBLeE II. 


Total clubs : Number of mice Percentage of 
All glands per mouse. in each group. all mice. 
123 
38 
12 


o 


| 


= 11 | 
111 
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T.is is largely responsible for the wide variation in the club counts obtained in 
a! y group of mammary glands reacting to a potent mammotrophic stimulus. The 
vy: riation in the distribution of clubs per mouse is shown in Table IT. 


Is 


cent 


Glands per 
w 


0 
O A B C D 
Clubs 


Fic. 4. 


Fie. 3. 


glands having 


Fic. 3.—Histogram showing normal variation in glandular complexity. 0 = 
D = 16 to 20. 


no clubs; A = 1 to 5clubs; B = 6 to 10 clubs; c = 11 to 15; 


Fic. 4.—Tracings of low magnification photomicrographs of two mammary glands from an - 

animal given a total dose of 160 »g. oestrone over five days. Both glands were of the most 
primitive form before stimulation ; the growth phase appears to have been inhibited and 
premature acinisation has succeeded it. x 50. 


Table III records the club count of the mammae of 15 weanlings selected at 
random from our normal control series. It will be seen that the large majority of 
lubs found in the 86 glands are derived from two “ freak ” animals, No. 133 and 


34. 
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Taste IIT. 


Clubs per gland. 
A Total clubs 
per mouse. 


Total glands 


per mouse. 5 


ae | w 
ooo w 


Variation in response 

When a group of about 50 reacting mammae is critically examined they present 
a confusing variety in general configuration and wide variations in intensity of 
the growth response. The first feature is due to the fact that growing glancs 
normally develop according to a series of constant structural patterns which ave 
determined purely by their anatomical situation. The number of branches, duct 
buds, clubs and glandular acini produced by a stimulated gland, whatever iis 
anatomical pattern may be, is determined by its normal structural complexity 
before stimulation. Glands which consist of a minute, slender unbranched main 


duct lag behind others which, although not clubbed, have a thickened main duct, 
several branches and duct buds. The following protocol of an experiment demon- 
strates the mammotrophic potency of a urinary extract and illustrates the typical 
wide variation in response of 51 mammary glands from 10 weanling males. The 
reaction was judged by enumerating the clubs in each gland and estimating the 
average number of clubs per gland. 


Experiment No. 131 
Urinary extract.—Normal pre-menopausal woman. Days 13, 14 and 15 of cyelv. 
0-15 ml. injected twice daily for 5 days. 


Club count. 
A 


wll | 


51 
T.C./T.G, = 767/51 = 15-0 average clubs per gland. Mammotrophic potency = 13-15. 
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No, 
126 
2 
129 
130 
132 
133 
135 
136 
137 
139 
| 
ce Mouse Number of 
No. glands. 1 2 3 5 Total. 
6 o 0 0 0 0 
5 . 18 6 8 4 85 
9 ap ‘ 6 ‘ 18 24 25 42 20 ° 155 
6 2 37 8 2 31 139 
5 29 24 3 7 17 . 80 ] 
6 . 2 MW M 2 16 91 
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RESPONSE OF THE MALE WEANLING MAMMA TO OESTRONE 


Oestrone dissolved in propylene glycol was injected twice daily for five days 
over a total dose range from 0-005 yg. to 160 w~g.—i.e. from 0-001 wg. to 32 yg. 
per day. 

Satisfactory responses were obtained until the highest doses were approached ; 
tnese produced a significant degree of inhibition of the growth phase. In reviewing 
i1e whole series it was obvious that the degree of glandular differentiation into 
:lveoli and lobules produced by oestrone in five days was significantly less than that 
; roduced by prolactin. Another series of experiments was carried out, extending 
tie period of administration of oestrone from five to twenty days and killing a 
| atch of animals every two days. At about the 8th day glandular differentiation 
\ as established and by the 14th day the mammary glands were almost fully 
* feminised ”. This period of inhibition may be significant as the injection of 
urinary extracts over a five days’ period frequently produces the same wide- 
spread formation of glandular acini and lobules as prolactin. It will be recalled 
that ‘* acinisation ” is never seen in normal glands in the strain we used. 

There was no significant difference between the capacity of oestrone, of 
prolactin and urinary extracts to stimulate cellular multiplication with the 
production of an adequate ductsystem. There were, however, significant differences 
in the ability of these three agents to induce “ rapid ” glandular differentiation over 
a period as short as five days. 

The optimum response in growth and differentiation produced by oestrone 
was obtained at a total dose range of 0-20 wg. over five days, i.e. 0-04 wg. per day. 
The detailed protocol of this response is shown in Experiment 78. 


Experiment No. 78 
Oestrone in propylene glycol.—T otal dose 0-2 yg. over 5 days. 


Club count. 
Mouse Number of 

No. glands. 1 2 3 4 5 6 Total. 
1 5 ‘ ll 15 16 20 15 — 77 
2 6 " 4 10 13 14 8 15 64 
3 6 28 ll 27 20 20 19 125 
4 6 6 16 12 12 13 5 64 
5 5 28 S 18 23 37 — 114 
6 5 7 4 9 12 19 — 51 
7 5 12 17 15 15 21 — 80 
8 6 23 30 32 23 20 28 156 
9 6 7 24 31 31 18 8 119 

10 5 ll 13 24 18 ll — 77 

55 927 


T.C./T.G. = 927/55. Mammotrophic potency = 14-7. No glands remained unclubbed. 23-6 
per cent of all glands show alveolar formation. 


As oestrone dissolved in propylene glycol was used in all our oestrogen control 
experiments, its absorption was rapid and our results are not therefore comparable 
with experiments in which the solvent was oily. The salient features of the oestrone 
:esponse at all dose levels are shown in Table IV. 
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TABLE IV.—Oestrone Response at all Dose Levels 


Percentage 
glands 
Experi- Mammo- showing Percentage 
ment Total dose : Total Total trophic acinar ** unclubbed ° 
number. vg. for 5 days. glands. clubs. potency. formation. glands. 
76 ‘ 0-005. 48 238 ‘ 4-3 Nil 20-8 
22 0-023—« 22 238 9-14 5-0 Nil 
77 0-05 48 554 ‘ 10-0 4-7 
78 0-2 55 ° 927 ° 14-7 ° 23-6 
79 0-8 38 578 13-3 13-2 
24 2-23 22 331 13-1 8-0 
80 3-2 56 931 14-56 10-0 
25 10-53 22 361 14-53 13-8 
26 31-35 25 396 13-85 4-2 
27 62-7 21 243 10-1 3-0 
-0 2-2 


The distribution of clubs in batches of weanlings given oestrone at varying dos« 
levels is recorded in the histograms (Fig. 5 and 6). 


Glands per cent 
Glands per cent 


0 
Clubs 


OA EF G 
Clubs 


Fic. 5. Fic. 6. 


Fic. 5, 6.—Histograms showing distribution of clubs in oestrone treated glands. 
0 = no clubs; A = 1-5 clubs; B = 6-10 clubs; c = 11-15 clubs; p = 16—20 clubs; 

E = 21-25 clubs; F = 26-30 clubs; co = 31-35 clubs; H = 36-40 clubs. Fig. 5: Dose 
=0-2 ug. total over 5 days period, Fig. 6: Dose = 3-2 xg. total over 5 days period. 


Premature acinisation 


The morphological reactions in the mammae of oestrone-treated weanling 
show significant differences as the dose increases. From a total dose of 0-005 jg. 
over a period of five days to one of 31-35 yg. for that period, the glands cover a 
large area, the branches are long, the clubs are large and deeply staining, and the 
general picture is one of rapid growth rather than differentiation (Fig. 16). The 
histological appearances of the clubs and the reacting stroma bear this out (Fig. 
17 and 18). Glandular differentiation, however, becomes increasingly obvious as 
the dose rises but is never so marked at this level as with prolactin, and is almosi 
invariably seen in large, heavily clubbed glands which are nearing the completion 
of the growth phase and have produced an adequate duct system. At a dose of 
62-7 yg. over a period of five days, a significant morphological picture begins to 
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develop. The production of large, deeply-stained clubs is still the predominant 
process but the branches are shorter and the glands as a whole cover a much 
-maller area. The general appearances strongly suggest an arrest of the develop- 
: ent of an adequate duct system and in this respect many glands are obviously 
i nmature. Some of these partly developed glands show extensive and unmistak- 
‘ble glandular differentiation. We have called this remarkable appearance 
, remature acinisation. It becomes a prominent feature of the response to total 
. oses of 160 yg. for five days (Fig. 4). At this dose level an appreciable number of 
:iands is seen whose area is little more than that of a rudimentary unstimulated 
:land. Such glands carry only a few recognisable clubs, others have been replaced 
ly a cluster of terminal acini and acinar formation along the length of the duct is 
well developed. This phenomenon clearly accounts for the decided fall in the 
umber of clubs per gland at the two higher levels of dosage. 

As we used oestrone dissolved in propylene glycol, it was impossible to exceed 
1 total dose of 160 yg. over five days, as at that concentration the limit of solu- 
lility is very close. It seems probable, however, that comparatively large doses 
«f oestrone would further increase this inhibition of the growth phase and elicit 
the phenomenon of premature acinisation on a wider scale. 

We regard this phenomenon as significant in relation to the general problem 
of mammogenesis for glandular differentiation, both nature and pre-mature, is 
characteristic of the response not only to prolactin but also to that produced by 
urinary extracts and unextracted urine, and we would emphasize that oestrone 
alone given over a five days’ period never produces the same degree of glandular 
differentiation as prolactin and urinary extracts, but will do so after a period of 
cight to ten days. It is tempting to speculate that the action of oestrone on the 
mamma is primarily mitogenic, that differentiation is brought about by prolactin, 
and that oestrone is directly or indirectly responsible for the liberation of prolactin 
hy hypophyseal stimulation. 


RESPONSE OF THE MALE WEANLING MAMMA TO PROLACTIN 

The prolactin used in these experiments was provided by Dr. A. T Cowie, by 
arrangement with Dr. 8. J. Folley. It was recently prepared by Dr. T. R. Bradley 
in the National Institute for Research in Dairying and has an activity of about 
\0i.u./mg. by the intraduct injection method in the rabbit. Dr. Bradley thought its 
most likely contaminants to be ACTH and melanophore hormone. The powdered 
hormone was dissolved in a few drops of 0-1 N NaOH and diluted by normal 
saline. 

The experiments were carried out at ten dose levels ranging from a total of 
()-00078 yg. to 10,000 yg. over five days, i.e. from 0-00015 wg. to 2000 ug. per day. 
We regard the reaction obtained at the lowest level as significant because 4 per 
cent of 45 glands showed alveolar formation. The optimal growth response was 
obtained at a level of 5000 yg. over five days (Fig. 19), the optimal glandular 
differentiation response was obtained at a dose of 10,000 yg. over five days, (Fig. 
20). At the 5000 yg. level the club production compared with normal controls was 
increased twentyfold. This is the maximum degree of growth acceleration obtained 
in any of our experiments, but figures closely approaching these, with similar 
degrees of differentiation and premature acinisation, have been obtained with 
urinary extracts. At 10,000 ~g. 60 per cent of 50 glands showed well developed 
acinar formation. Premature acinisation was seen at all dose levels above 100 yg. 
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given over 5 days. Table V shows the essential details of the prolactin contro! 
experiments. The histograms shown in Fig. 7, 8, 9 illustrate the distribution o* 
clubs in the reacting glands at various dose levels. The following is a protocol o° 
one experiment in which prolactin was given at a high dose level. 


Glands percent 
S 


= 


Glands percent 


C DEF H JK L MN 
Clubs 


Fie, 8. St 
rec 
3 
0 
SCC & 
Clubs 
Fic. 9. 
Fic. 7, 8, 9.—Histograms showing distribution of clubs in prolactin treated glands, 
0 = noclubs; a = 1-5; B = 6-10; c = 11-15; pv = 16-20; E = 21-25; F = 26-30; 
Gc = 31-35; nw = 36-40; 3 = 41-45; kK = 46-50; L = 51-55; m = 56-60; n = 61-65. 
Fig. 7: 0-05 ug. total dose given over period of 5 days. Fig. 8: 5,000 xg. total dose given 
over period of 5 days. Fig. 9: 10,000 xg. total dose given over period of 5 days. 
Experiment No. 106 A 
Prolactin.—Total dose = 10,000 yg. over 5 days. 7 
Club count. 
Mouse Number of - A — 
No. glands, 1 2 3 4 5 6 Total. 
1 5 19* 21* 15* 26* 27* 108 
2 4 21 10 9 ll — — 51 
3 6 25* 23* 50* 35* 35* 33* 201 
+ 6 31* 27* 21° 25* 17* 44* 165 
5 5 17 13 17 12 16 - 75 
6 4 26* 28* 26* 31* —_— —_ lll 
7 5 46* 20* 10 14 12 — 102 
8 5 28* 15 a 12 2 — 108 
9 5 13 18* 6 20* 10 —_ 67 
10 5 35* 29* 33* 19 38* — 154 
Th 
50 1142 tar 
T.C./T.G. = 1142/50. Mammotrophic potency = 20-0. No glands remained unclubbed. lac 


60 per cent of all glands show acinar formation (indicated *). 
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TaBLeE V.—Prolactin Response at Various Dose Levels. 


Percentage 
glands 
showing Percentage 
acinar *unclubbed ” 
formation, glands. 
44-0 
39-0 
17-0 
Nil 


RESPONSE OF THE MALE WEANLING MAMMA TO GROWTH HORMONE 


Two preparations were used for this experiment. The first was a standard 
lyophilised preparation supplied by Messrs. Armour Laboratories (Lot. No. 
R377174), issued in vials, each containing the equivalent of 50 mg. of the Armour 
Standard. The preparation is freely soluble in distilled water. Six groups of mice 
received the following doses over a period of five days, 0-1 ml. of solution being 
given twice daily. The results are recorded in Table VI. 


TABLE VI. 


Experiment Total dose Mammotrophic 
number. ug. over 5 days. potency. 


0-1 


. 


1 
3 


None of these figures can be regarded as significant. 


The experiments were therefore repeated using a preparation supplied by Dr. 
A. L. Greenbaum of University College, London. This preparation was known to 
be active by weight increase tests. Our results are shown in Table VII. 


TaBLe VII. 


Experiment Total dose Mammotrophic 
Number. ug. over 5 days. 
81 
82 
83 
84 
85 


Tie three lower dose levels produced responses which are hardly significant ; the 
two higher doses both produced responses closely resembling that given by pro- 
lactin, At the highest dose level 34 per cent. of glands showed extensive glandular 
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xperi- - Mammo- 
ment Total dose : Total Total trophic 
umber, vg. for 5 days. glands, clubs, potency. 
101 0-00078_ . 45 150 ° 2:89. 
102 0-003125 . 46 ° 176 3-3 
73 0-05 50 483 8-47 
A 75 0-8 42 657 13-7 30 
105 - 1000-0 52 1090 18-4 46 
49 5000-0 38 668 . 20-87 . 44 
106 - 10000-0 50 1142 20-03 60 
16 ° ° 2-89 
18 10-0 1-55 
19 ‘ 50-0 ‘ 2-0 
20 50-0 2-45 
| 
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differentiation and the potency of this dose was approximately numerical!y 
equivalent to that of prolactin at one-tenth the quantity. Bearing in mind the 
possibility that this sample contains prolactin, we are inclined to account for t! e 
response obtained on this supposition, but the reaction merits further study. 


RESPONSE OF THE MALE WEANLING MAMMA TO GONADOTROPHIN 


A standard preparation, ‘‘ H.M.G.20”’, supplied by Messrs. Organon, was use 
for this experiment. It is prepared from pooled post-menopausal urine by absor))- 
tion on kaolin and purification by tri-calcium phosphate. It possesses considerab'e 
gonadotrophic potency—1 mg. is derived from 15-67 ml. of urine. Three batch: s 
of 10 animals were used. They received, over a period of five days, the weight «f 
hormone excreted over an increasing number of hours. The first batch injecticn 
represented 3 hours; the second, 6 hours; the third, 9 hours. The results ave 
summarised in Table VIII. 


VIII. 


Experiment H.M.G. Total Total Mammotrophi: 
number, excretion, glands, clubs. potency. 
13 3 hours 46 209 ‘ 3-98 
14 « 35 ‘ 35 ‘ 0-87 


15 9 » . 34 ° 16 ° 0-41 


Within the limits of this experiment, the results show little or no response. 


RESPONSE OF THE MALE WEANLING MAMMA TO URINARY EXTRACTS 


Our first series of experiments on the mammotrophic potency of extracts 
prepared from the urine of pre-menopausal women were for the most part disap- 
pointing. Vigorous growth responses were attained, but they were uncommon; 
a large number of extracts showed a low level of potency, and too many extracts 
produced negative results for no obvious reason. We suspected either that the 
Klinefelter technique instead of concentrating potency was, in fact, responsille 
for its loss (Hadfield, 1956), or that the output of the mammotrophic principle 
had a wide normal fluctuation during the menstrual cycle. The first clue emerged 
from a simple experiment, the significance of which may be clarified if the whole 
Klinefelter extraction process is summarised as follows : 


Preparation of urinary extract by Klinefelter process: 


Stace I. 72 hours’ specimen of urine. Sodium chloride (1 gm. to 100 c.c. added), 
then 4 vols absolute alcohol. 


Supernatant : 
Discarded. 


Deposit A : 
Largely .composed of phosphates. Presumed to contain precipitated 
urinary and hormone proteins. . 
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SraGE II. Deposit extracted with three successive aliquots of distilled water : 
centrifugalised. 


Supernatant : 
Presumed to contain all hormone protein in solution. 


Deposit B : 
Largely phosphatic : Presumed free of hormone protein. Discarded. 


Sacer III. Dialysed at 0° C. against water. Protein re-precipitated by alcohol. 


Supernatant : 
Discarded 


Deposit C : 
(Still largely phosphatic. Presumed to contain all hormone protein.) 


Svace IV. Deposit dried, powdered and extracted with distilled water. 
Supernatant : 


Presumed to contain all hormone protein. Injected into animal. 


Deposit D: 
Presumed inactive. Discarded. 


Potency of deposits D and B 

It occurred to us that although the final phosphatic Deposit D is discarded on 
the assumption that it has no gonadotrophic potency, there was a possibility that 
it might retain mammotrophic potency. This supposition proved to be true, for 
when these deposits from twelve urines were suspended in distilled water and 
injected into twelve batches of mice they were found to be considerably more 
potent than their corresponding supernatants ; details are given in Table IX. 


TABLE IX. 
Mammotrophic potency of— 


Experiment 
number. . Deposit D. 


2 


2 (Repeat) 
32 


m Oho OO 


— 


> 
0 
0 
60 
60 (Repeat) . 
66 
93 ° 
108 ° 
110 ° 
114 
128 ° 
130 
1} 
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In this series, therefore, Deposit D was on the average three times more potent 
than its supernatant. There results led us to suppose that the heavy, previous’ y 
discarded, first precipitate (Deposit B) may also be mammotrophic by retaining . 
proportion of the protein in the early stages of extraction. The following experimei't 
not only confirmed this supposition but showed that this previously discard: | 
deposit of some pre-menopausal urinary extracts had a mammotrophic potency « f 
the same order as large doses of prolactin, and showed a similar capacity to indu: - 
a high degree of glandular differentiation in five days (Fig. 21, 22, 23). The resul s 
are shown in Table X, summarising a series of experiments in which suspensions in 
distilled water of Deposit B from four specimens of urine were injected into batch: s 
of mice at a dose level of 0-2 ml. twice daily for five days. 


cent 


Glands per 
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Fria, 10. 


Glands per cent 


D-E-F GH J KL 
Clubs 


Fie. 11, 


Fic. 10, 11.—Histograms showing distribution of clubs in glands treated with urinary 
extracts. 0 = No clubs. a= 1-5; B= 6-10; c=11-15; pv = 16-20; E = 21-25; 
F = 26-30; cg = 31-35; H = 36-40; 3 = 41-45; k = 46-50; L = 51-55; mM = 56-60. 
Fig. 10: Deposit B from Experiment 120, over 5 days period, Fig. 11: Deposit B from 
Experiment 132 over a 5 days period. 


TaBLE X.—Potency of Deposit B. 


Percentage 
glands 
Mammo- showing 
Experiment Number Total Total trophic acinar Premature 
No. of mice. glands, clubs. potency. formation. acinisation. 
120 ‘ 13 60 1257 18-37 50 ++ 


121 ° 12 55 1110 17-7 55 ++ 
97 1503 ° 13-6 


demonstrate the general high level of mammotrophic potency possessed by phcs- 
phatic Deposit B and, in anequally striking manner, the great variation in reactivi'y 


al fi 
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e The protocols of Experiments 120, 121 and 132 are given below; thy , 
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by optimal doses of prolactin. 
xperiment No. 120 
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(Glands showing acinar formation indicated *.) 
Experiment No, 121 


T.C./T.G. = 1257/60. Mammotrophic potency = 18-37. 
formation ; of these, 60 per cent of branches are involved. Premature acinisation is common, 


50 per cent of glands show acinar 


Club count. 

Mouse Number of r = 
No. glands, 1 2 3 4 5 6 
1 5 18 8 5 2 23 —_ 
2 58* 18* 22* 48* 
3 4 32* 30* 20* 37* 17 ~- 
4 6 18 19* 12 12* 16 24 
5 5 21* 6 5 5 14 -- 

6 6 11* 24* 7 40* 13 18* 
7 5 20* 25* 15 13 _— 
8 6 46* 34* 46* 23* 32* 47 
9 5 10 ll 5 11 13 _ 
10 3 0 3 0 
3 28* 5 33* — 
12 2 42* 60* 

13 6 32* 4 43* 22* 6 17* 

60 


55 


T.C./T.G. = 1110/55. Mammotrophice potency = 17-7. 
formation ; of these an average of 70 per cent of branches are involved. 
ecmmon, (Glands showing acinar formation indicated *.) 


Mouse Number of 
No. glands. 1 2 3 4 5 6 

1 6 31* 39* 31* 32* 31* 29* 
2 6 0 0 0 3 0 0 
3 3 32* 19* 37* — — =< 
4 5 2 10 18 18 0 — 
5 5 33* 27* 8* ll 27" — 

6 6 37* 30* 20* 61* 23* 23* 
7 4 21 1 0 2 — — 
s 5 22* 17 ll 12 2 — 
9 4 12* 4 16 31* — — 
10 4 15* 36* 52* 47 46 — 
ll 3 47* 29* 37* — — — 


of individual animals. This latter characteristic is not more marked than the 
irregular response of the mammae of individual weanling males to oestrone or 
prolactin. Histograms constructed from the results of Experiments 120 and 132 
ave shown in Fig. 10 and 11 ; the configuration of the latter resembles that produced 


A suspension in distilled water of one-fifth of the pooled previously discarded 
s-cond Klinefelter deposits (Deposit B) from five 72 hours’ specimens of urine. 


Total. 


56 
146 


136 
101 


66 
102 
124 


1257 


Previously discarded Klinefelter Deposit B from a 72 hours’ specimen. 


Club count. 


Total. 


183 
3 


88 
48 


106 
194 


24 
64 


1110 


55 per cent of glands show acinar 
ure acinisation is 
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51 
113 
81 
228 
50 
3 
63 
196 
113 
12 4 0 3 5 23 _ 31 
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Experiment No. 132 


Previously discarded Klinefelter Deposit B from a 72 hours’ specimen of urine 


extending over the 13th, 14th and 15th days of the menstrual cycle. 


Club count. 
Mouse Number of r A 
No, glands. 1 2 3 4 5 6 - Total. 
1 5 9* 1 3 21* 3 — 37 
2 . 5 ; 10 4 10* 12* 12* — . 48 
3 5 11* 1 4 18* 22* — : 56 
4 6 10* 13* 6 4 11* ll ‘ 55 
5 6 21* 8 14 8 8 3 . 62 
6 6 33* 22* 5 44* 22* 16 . 142 
7 5 11 17 4 27 4 63 
8 6 . 25 45* 37* 42* 37 30 ‘ 216 
9 6 32* 27* 10 24* 35* 37* 165 
10 5 0 5 2 8 8 — ° 23 
ll 6 19* 14* 10 10 4 10 67 
12 5 19* 31* 17* 16* 14* — 97 
13 6 16 0 10 5 16 2 49 
14 4 51* 47* 48* 18* — — 164 
15 4 10 2 12* 9* — — 33 
16 4 24* 30* 5* 12 — 71 
17 4 0 2 5 0 — 7 
18 5 31* 26* 14* 30* 13 — 114 
19 4 18* 2 8 6 ~- —- 34 
97 1503 


T.C./T.G. = 1503/97. Mammotrophic potency = 13-6. 42 per cent of all glands show acinar 
formation ; of these, an average of 56 per cent of branches are involved. Premature acinisation is 
common, (Glands showing acinar formation indicated *.) 


POTENCY OF UNEXTRACTED URINE 


The previously discarded phosphatic precipitate (Residue B) in the Klinefelter 
process probably carriesa high proportion of themammotrophic potency ofthe urine. 
The potency of such a residue prepared from a 72 hours’ specimen (4500 ml.) may 
almost reach the potency and give rise to approximately the same degree of glandular 
differentiation as optimal doses of prolactin. In other words, the biological reaction 
produced by 4500 ml. of such a urine is numerically equivalent to a total dose o/ 
approximately 7500 yg. of prolactin, given over a period of five days, and 2 ml. 
would be equivalent to a total dose of 3-3 ~g. of prolactin over the same period. This 
has a potency of about 15. It is reasonable to suppose, therefore, that norma! 
unextracted and undiluted urine should produce a reaction of this order. Batches 
of ten mice were therefore given 0-2 ml. of untreated pre-menopausal urine twice 
daily for five days. The results of two experiments are shown in Table XI. 
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TasBLe XI. 


Percentage 
glands 
Mammo- showing 
Experiment Number ~ Total Total trophic acinar Premature 
No. of mice. glands. clubs. potency. formation. acinisation. 
133 10 56 1078 16-9 60 +p 
153 10 47 ‘ 508 9-4 32 + 


The following is a protocol of Experiment No. 133. 
Normal urine (not extracted). 


Club count. 
Mouse Number cr A — 

No. glands, 1 2 3 4 5 6 Total. 
1 6 38* 24* 40* 25* 21* 30* m 178 
2 6 15* 16* 1 2 19* 37 . 90 
3 6 12* 24* 15* 23* 27* 17* ; 118 
4 6 26* 15* 14* 7* 13* 11* , 86 
5 5 1 1 2 4 6 — , 14 
6 4 10* 21* 22* 4* — — ‘ 57 
7 6 22* 16 4 2 14 37* ‘ 95 
s 6 20* 13 12* 37* 20* 16* F 118 
9 5 45* 22 18* 16* 48 —_— ; 149 

10 6 21* 29* 46* 23* 22 32* , 173 

56 1078 


T.C./T.G, = 1078/56. Mammotrophic potency = 16-9. 60 per cent of glands show acinar 
formation ; of these, 50 per cent of branches are affected. (Glands showing acinar formation 
indicated *.) 


It is not justifiable to draw definite conclusions from these scanty observations 
and a number of untreated urines is now being examined. The results, however, are 
re-inforced by the fact that the potencies obtained are significant, they vary with 
the day of the menstrual cycle on which the specimens are collected, and the 
morphological changes in the reacting glands were characteristic, mature and im- 
mature glandular differentiation being well developed. If we are able to report that 
untreated urines possess significant degrees of potency, the clinical application of 
the method will clearly become a possibility. 


FLUCTUATIONS IN POTENCY DURING THE MENSTRUAL CYCLE 


We have not been able to investigate this problem fully, but our results 
suggest that the cyclical fluctuations in potency are considerable. Our first 
experiment was conducted using the full Klinefelter extraction process and 
was carried out before we were convinced that this was responsible for loss 
of mammotrophic potency. Our figures are therefore proportionately lower than 
the actual values. The results are shown graphically in Fig. 12. 

Disregarding the actual values, the significant rise in potency from the 16th 
to the 27th day is substantiated, using more potent extracts in a later but less 
complete study of the same individual. The tendency for potency to rise from an 
average figure of 8 on the 7th, 8th and 9th days to an average maximum of 15 on 
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a peak about the 24th day. 


As we are likely to use untreated urine in our future experiments, we would |:c 
inclined, in the case of pre-menopausal individuals, to select a specimen passe | 


between the 19th and 27th days. 


2 


25 
7 9 UW B 17 9 2 27 
Days of cycle 


Fic. 12.—Graph showing fluctuations in mammotrophic potency during the menstrual cycle. 


DISCUSSION 


When the mammary response to the injection of pre-menopausal urine over a 
period of five days is compared with that produced by prolactin or oestrone over 
the same period there are no significant qualitative differences. There are, however, 
several quantitative differences. Urinary extracts and prolactin given twice 
daily for five days induce widespread glandular differentiation. Oestrone given 
over the same period at doses from 0-001 yg. to 0-01 wg. per day powerfully stimu- 
lates the growth phase and produces a fully developed duct system. It capacity 
to induce glandular differentiation over this period and at this dose level 's 
significantly less than urinary extracts and prolactin. On the other hand, if low 
doses of oestrone are continued for eight to ten days an adequate growth pha-e 
is followed by normal widespread differentiation. 

Under the influence of oestrone at higher dose levels, up to 32 wg. per day for 
five days, the degree of glandular differentiation produced approximates to that 
produced by prolactin and urinary extracts. 

A striking feature of the response to oestrone at higher dose levels is that the 
growth phase appears to be arrested in many glands before their duct systems are 
fully grown and widespread differentiation takes place in partly grown glands. 
“ Premature acinisation ” in glands which before stimulation had a very simp!e 
structure is characteristic of the response to urinary extracts and to prolactin. 


the 25th, 26th and 27th days has been borne out by eight separate estimations 0, 
other individuals at various phases of the cycle. We have some information, whic 
needs further confirmation, that a sharp but unsustained rise of potency occw s 
at about the 16th day, that this is followed by a fall, and the fall by a rise reachinz 


Sc 


y 
t 
g 
P 
t! 
i 
) 
te 
0 
ty 
\ 
L 
Ww 
hes gl 
ba 
co 
an 
w 
G 
a! 
K 
Td 
Td 
= 
om 


167 


MAMMOTROPHIC POTENCY OF URINE 


These considerations suggest that full mammogenesis is a two-phase process 
vy hich depends on the synergistic action of two hormones and we would venture 
t speculate that oestrone may be responsible for the growth phase and prolactin 
fir the phase of glandular differentiation. 

The experiments of Lyons (1943) and of Lyons and his collaborators (1952 ; 
1155), using gonadectomised and hypophysectomised immature male and female 
rts, show that the maximum growth and differentiation of their mammary 
g wnds demands the synergistic action of prolactin and oestrone acting in optimal 
p oportions, prolactin acting at a far higher level of dosage than oestrone. The 
interpretation of our results would become easier if any proof were forthcoming 
t| at oestrone is capable of producing direct or indirect stimulation of the hypo- 
p ‘ysis with the liberation of prolactin. 

The urine of normal pre-menopausal women may therefore be mammotrophic 
t. immature male mice not because it contains either prolactin or biologically 
active oestrogens but by virtue of the fact that it contains both these hormones. 
On this supposition, its potency may depend not only on the presence of these 
t..o hormones but also upon their relative concentrations, and the experiments of 
Lvons and his colleagues suggest that the prolactin concentration must be high 
wiilst that of active oestrogen may be surprisingly low. 


CONCLUSION 


Using groups of ten weanling male mice yielding a total of at least 48 mammary 
glands and regarding the average number of clubs per gland as a measure of the 
mammotrophic potency of an injected urinary extract, we would claim, on the 
basis of 54 examinations of urinary extracts and untreated urines, to have confirmed 
the suggestion made in 1955 that the urine of normal pre-menopausal women 
contains a biologically active substance, or substances, which stimulates growth 
and glandular differentiation in the rudimentary mammae of immature males. 


We are indebted to Dr. J. W. Trevan, F.R.S., for the statistical analysis and 
would like to thank Dr. A. T. Cowie for supplying us with prolactin and Dr. A. L. 
Greenbaum for the growth hormone. 

We have received valuable assistance throughout from Dr. R. D. Bulbrook and 
Dr. F. C. Greenwood on biochemical matters, and this work could not have been 
accomplished without the willing co-operation of the laboratory staff and of the 
Photographic Department of the Fund’s laboratories at Lincoln’s Inn Field. 


REFERENCES 


H\prretp, G.—(1956) Brit. med. J., 1, 94. 

K INEFELTER, H. F., Junr., Atsricut, F. anp Griswoip, G. C.—(1943) J. clin. 
Endocrin., 3, 529. 

Lyons, W. R.—(1943) ‘ Essays in Biology’. Berkeley (niversity of California). 

Idem, Jounson, R. E., Coiz, R. D. anp Li, C. H.—(1955) ‘ Hypophyseal Growth 
Hormone, Nature and Actions : International Symposium ’. New York (McGraw- 
Hill Book Co. Inc.), p. 461. 

Idem, Lia, C. H. anp Jonnson, R. E.—(1952) J. clin. Endocrin., 12, 15. 

ScowEn, E. F. anp HapFietp, G.—(1955) Cancer, 8, 890. 


GEOFFREY HADFIELD AND J. STRETTON YOUNG 


EXPLANATION OF PLATES. 


Fic. 13.—Colour photograph showing the skin, deep surface uppermost, after fixation in 
Bouin’s fluid and 24 hours in 50 per cent alcohol. The landmarks will be found by reference 


to Fig. 1 in the text. 


Fic. 14.—The undissected skin has been stained in Grenacher’s alum carmine. The position 
of the glands is shown in a tracing of the photograph (Fig. 1 in text). 


Fic. 15.—Fourteen normal glands mounted whole and unsectioned, showing normal struc- 
tural variation in the strain of mice used for these experiments. The first ten glands are 
unclubbed and rudimentary ; the last four bear clubs. x 25. 


Fic. 16.—Effect of oestrone. A total of 10-53 ug. was given over a — of 5 days. Both 
glands are in the growth phase. Deeply-stained club-bearing buds are common, A few 
branches show early differentiation but the outline in the majority is sharply defined. x 25. 


Fig. 17.—Photomicrographs showing growth phase induced by oestrone. A. Shows acellular 
and almost solid club. Differentiation has not yet commenced. x 200. B. Cellular detail 
of above. There is lack of cellular differentiation and evidence of proliferation. x 450. 


Fic. 18.—Photomicrographs showing cytological changes in terminal clubs induced by 
oestrone. » 1000. a. Several mitotic figures are visible. The cells are undifferentiated 
and have active nuclei. There is evidence of early glandular differentiation. 8. The same 
changes are visible on the left and the mesenchymatous reaction at the edge of the club is seen 
on the right. 


Fic. 19.—Photomicrograph showing cytological changes produced by prolactin. (Total dose 
5000 ug. over a period of 5 days.) A. Cellular proliferation in a club, also acinar differen- 
tiation. x 450. 8. Early glandular differentiation and nuclear detail. x 1000. 


Fic. 20.—Effect of prolactin: Total dose = 10,000 »g.: duration 5 days. The upper part 
of the gland is still in the growth phase. Below this clubs show progressive decrease in 
size. Glandular differentiation is well established in the lower part of the gland. x 25. 


Fic. 21.—Effect of urinary extract with a potency of 17-7. Injection period = 5 days, A 
few clubs are still present in the upper left corner ; below this glandular differentiation is 


well established. x 25. 

Fic. 22.—Photomicrographs showing the cytological response to the injection of urinary 
extract twice daily for 5 days. Three cellular clubs lying in reacting mesenchyme showing 
progressive acinisation whilst growth phase is still active. x 450. 


Fie. 23.—Photomicrographs showing glandular differentiation produced by injection of urinary 
extract twice daily for 5 days. a. A dilated duct from which project series of partially 
hollowed-out solid buds. x 200. n. Part of a, showing the cellular buds to be primitive 
glandular acini. x 450. 
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A LYMPHOCYTOSIS STIMULATING FACTOR IN THE PLASMA 
OF CHRONIC LYMPHATIC LEUKAEMIC PATIENTS 


D. METCALF* 


From the Walter and Eliza Hall Institute of Medical Research, 
Parkville, Melbourne, Australia 


Received for publication November 4, 1955 


THE presence of factors in the blood of leukaemic patients which influence white 
cell proliferation or maturation was first reported by Foster and Miller (1950). These 
workers observed changes in the lymph nodes of guinea-pigs following the inocu- 
lation of sera from a variety of leukaemic and allied diseases of the reticuloendo- 
thelial system. 

Similar substances had previously been isolated from the urine of leukaemic 
patients (Miller and Turner, 1943 ; Turner and Miller, 1943). 

The presence of myeloid stimulating substances in the urine of leukaemic 
patients was confirmed by Hirschmann, Heinle and Wearn, (1945). 

Oliva and Tramontana (1950) have reported the presence of similar factors in 
the plasma of leukaemic pateints. Temporary elevations in the white counts of 
normal persons were observed following the intravenous injection of leukaemic 
plasma. 

The present experiments were commenced with the aim of cultivating human 
leukaemic leucocytes in the brains of very young mice. It was noted that the 
inoculation of small volumes of blood from patients suffering from chronic lymphatic 
leukaemia resulted in an elevation of the lymphocyte/polymorph ratio in the 
circulating blood of these mice. This elevation was at first presumed to be due to 
the presence of circulating human lymphocytes. 

It was found, however, that a similar elevation of the lymphocyte count could 
be induced by inoculation of plasma from such patients. 

No elevation of either lymphocyte or polymorph levels was produced by the 
inoculation of plasma or whole blood from normal persons or persons suffering 
from other types of leukaemia. 


MATERIAL AND METHODS 
Blood.—Blood was obtained from the following types of case : 
Chronic lymphatic leukaemia... ‘ . 17 cases. 
Chronic myeloid leukaemia . . 8 
Acute myeloid leukaemia . ‘ 
Multiple myeloma . . 8 


Normal blood was obtained from members of the Institute staff. 
* Carden Fellow in Cancer Research, Anti-Cancer Council of Victoria. 
12 
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In each instance 10 ml. of sterile heparinised blood was collected by vene- 
puncture. The blood was centrifuged immediately and the supernatant plasm 
removed. This plasma was either used immediately or stored at — 15° C. for late» 
use. No loss of plasma activity was observed following storage at — 15° C. for 
several weeks. 

Mice.—The mice used were those of the Hall Institute stock. This colony ha: 
been maintained for many years without introduction of new stock, but is by nv 
means genetically homozygous. 

Inoculation of mice.—Each plasma sample was inoculated into three litters o° 
mice—eighteen mice in all. 

Inoculations were made when the mice were 24 hr. of age. The inoculum was 
0-01 ml. in volume and was injected in a parasagittal plane midway between th. 
eye and the ear using a gauge 25 needle. 

The mortality from such a procedure was virtually zero. 

Blood counts.—Daily total and differential white counts were made on two 
mice from each group of eighteen mice. These mice were not used for further 
counts. Absolute counts were performed using a modified Levy haemocytometer 

Blood was obtained by cutting off the distal centimetre of the tail with a pair of 
sharp scissors. The flow of blood resulting was quite free and no manipulation of 
the tail was found necessary. 

In some experiments coded slides were used to prevent observer error when 
making both the absolute and differentia! counts. 

Daily blood counts were performed for seven days and thereafter at weekly 
intervals for six weeks. : 

Histological material.—Material for sectioning was taken at daily intervals 
from the livers and spleens of inoculated animals in a number of the experiments. 

Sections of the inoculated brains were also made at varying intervals following 
inoculation. 

The tissues were fixed in Carnoy’s fixative, blocked in paraffin, sectioned and 
stained with haematoxylin and eosin. 

Analysis of results—An analysis of the results for statistically significant 
differences was made using the Student “‘ t ” series method. 


RESULTS 


Normal blood picture in young mice 
At birth, the predominating white cell in the peripheral blood is the polymorph. 
Between the second and the eighth days the number of lymphocytes in the 

blood rises and the number of polymorphs falls. During this period, therefore. 

the lymphocyte/polymorph ratio rises progressively to attain the normal adult 

ratio of 2-3: 1. 

These relationships are illustrated in Fig. 1 and 2. 


Blood picture of inoculated mice 

Following the inoculation of day-old mice with 0-01 ml. of plasma from cases 
of chronic lymphatic leukaemia the circulating lymphocytes increased in number 
at a greater rate than in uninoculated animals. This increase appeared to commence 
soon after inoculation, but the rise did not become statistically significant unt! 
the second day following inoculation. 
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3 4 5 6 
Days following inoculation 


Fig. 1.—Normal blood picture of young mice showing progressive daily rise in 
lymphocyte : polymorph ratio. Shaded area indicates spread of values obtained. 


1 2 3 4 
Days following inoculation day 


Fic. 2.—Normal blood picture of young mice showing progressive daily rise in absolute 
lymphocyte counts and fall in polymorph counts. 
O Lymphocytes. @ - @ Polymorphs. 


By the sixth post-inoculation day, the relative increase in the number of 
circulating lymphocytes reached its maximum point. At this time, the average 
lymphocyte : polymorph ratio was 4-5: 1 as compared with the average normal 
ratio of 2-5: 1. The absolute number of lymphocytes per cu.mm. in the inoculated 
mice at this point was 4000 as opposed to the normal value of 2400 in the uninocu- 
lated mice. 

These relationships are illustrated in Fig. 3 and 4. 


The absolute numbers of polymorphs in both groups was not significantly 
different, and the elevation of the lymphocyte/polymorph ratio is clearly due 
solely to an increase in the number of circulating lymphocytes. 
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>P>0-001 P<0-001 P<0-001 P<0-001 P<0-001 P<0-001 
5 6 


2 3 4 
Days following inoculation 


Fic. 3.—Rise in lymphocyte : polymorph ratio following intracerebral inoculation of chronic 
lymphatic leukaemic plasma. Controls injected with normal plasma. Shaded area 
indicates spread of values obtained. Statistical differences indicated. 

@ Chronic lymphatic leukaemia. O Controls. 
Ratio of increase = 2-5: 1. 


Ratio of increase =3:1 


N-S P<0-001 
NS P<0-001 P<0-001 
| | | | 


2 3 4 5 
Days following inoculation 


Fic. 4.—Averege rise in absolute lymphocyte count of mice inoculated intracerebrally with 
chronic lyraphatic leukaemic plasma, Controls injected with normal plasma. Statistical 
differences indicated. 

* @ Chronic lymphatic leukaemia. O --- O Controls. 
Ratio of increase = 3: 1. 
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After the sixth post-inoculation day the differences between the inoculated and 
‘he normal mice diminished and by the second to third week no differences were 
“etectable in the blood pictures of the two groups. 

The results of inoculation of plasma from normal persons and cases of acute and 
‘ aronic myeloid leukaemia are recorded in Fig. 5 and 6. In Fig. 7 and 8 are recorded 
‘ne results following inoculation of plasma from cases of acute lymphatic leukaemia 
multiple myeloma. 


3-0 


3 5 
Days following inoculation 


Fic, 5.—Average lymphocyte : polymorph ratios of mice inoculated intracerebrally with 
acute and chronic myeloid leukaemic plasma. Controls injected with normal plasma. 
Statistical differences indicated. 


Oo © Acute myeloid leukaemia. O --- O Chronic myeloid leukaemia. 
@ Normal mice. 


2 3 4 5 6 7 
Days following inoculation 


Fie. 6.—Absolute lymphocyte counts of mice inoculated intracerebrally with acute and 
chronic myeloid leukaemic plasma. Controls injected with normal plasma. Statistical 
differences indicated. 


Oo © Acute myeloid leukaemia. 


O --- O Chronic myeloid leukaemia. 
@ Normal mice. 
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In each group no significant differences were found from the results obtained 
with normal human plasma. In the experiments with plasma from cases of acute 
lymphatic leukaemia and multiple myeloma there was an average rise in the 
lymphocyte count which did not reach the level of significance. Only five and three 
cases, respectively, were available and examination of a larger series will be needed 
before a decision can be made as to whether a real increase is produced by plasma 
from one or both of these conditions. 


N-S N-S N-S 
7 


2 3 4 5 
Days following inoculation 


Fic. 7.—Average lymphocyte : polymorph ratios of mice inoculated intracerebrally with 
acute lymphatic leukaemic and multiple myeloma plasma. Controls injected with normal 
plasma. Statistical differences indicated. 

Oo © Acute lymphatic leukaemia. O --- O Multiple myeloma. 
Normal mice 


7 


Days fol lowing inoculation 


Fic. 8—Absolute lymphocyte counts of mice inoculated intracerebrally with acute lymphatic 
leukaemic and multiple myeloma plasma. Controls injected with normal plasma.Statis- 
tical differences indicated. 

@) © Acute lymphatic leukaemia. O --- O Multiple myeloma, 
e @ Normal mice. 
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No evidence was found of an increase in circulating polymorphs in mice 
1oculated with myeloid leukaemic plasma. 

Of special interest was the finding that the five cases of acute lymphatic 
‘cukaemia gave sharply distinct results from the chronic lymphatic leukaemia 
-roup. This observation is suggestive, but needs amplification using a larger 
~eries. 

None of the mice in the various inoculated groups showed abnormal circulating 
white cells in the peripheral blood at any stage. 

None of the inoculated mice developed clinically evident illness during the 
observation period of two months following inoculation. 


ilistological examination of inoculated mice 

Foster and Miller (1950) have reported changes in the histology of the lymph 
nodes of guinea pigs inoculated with leukaemic plasma. 

They described increased lymphopoiesis in the lymph nodes of animals receiv- 
ing chronic lymphatic leukaemic plasma. They found a loss of lymphoid structure 
and an infiltration of lymph nodes with polymorphs and connective tissue in 
animals receiving chronic myeloid leukaemic plasma. 

An examination of the lymph nodes of the inoculated mice proved impracticable 
because of their small size. 

However, serial examinations of the spleens and livers of inoculated and 
control mice were carried out at daily intervals. 

No differences in the morphology of the spleen were seen between inoculated 
and normal groups. 

The livers in both groups were intensely infiltrated with haemopoietic tissue 
of both red and white cell series during the first week following birth. No significant 
differences, either in the intensity of this infiltration or in the nature of the cells 
involved, could be detected between the two groups. 

Examination of the inoculated brains revealed no evidence of local tissue 
changes in the nature of localised accumulations of white cells or foci of inflam- 


matory reaction. 


Correlation of the clinical activity of the disease with the lymphocytosis stimulating 
activity of the plasma from cases of chronic lymphatic leukaemia 

In Table I is presented an analysis of the case histories of fifteen cases of chronic 
lymphatic leukaemia. 

The lymphocytosis stimulating power of the plasma was measured by the 
|, mphocyte : polymorph ratio on the sixth post-inoculation day. 

The clinical activity of the disease was estimated from a consideration of the 
flowing points : 

(1) Increasing or decreasing peripheral white count. 

(2) Increasing or decreasing level of Hb. 

(3) Increase or decrease in size of lymph nodes, spleen and liver. 

(4) Duration of the disease. 

(5) Length of survival time. 

(6) Bone marrow appearances. 

The clinical activity was recorded as follows: — remission; 0 condition 
s'able ; + condition increasing in severity. 
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TaBLe I 
White cell Lymphocytosis 
Duration count at Clinical stimulating 
‘ time of activity of power (normal 
Patient. i » testing. disease. level 2-4) 
BR— ‘ ‘ 8,350 
PE— ° 3,000 


RO— 2 51,000 
RA— 47,000 


DE— 100,000 
McG— 150,000 
NI— ‘ 1 . 77,000 
cA— 200,000 
sP— 47,000 
HA— 175,000 
JA— 36,000 
ROU— 750,000 
STY— 34,000 
FRA— 29,000 


Bow 


++++++++++4+ c¢ 


It may be seen from Table I that there was a fairly good correlation betwee: 
the clinical assessment of the activity of the disease and the observed lymphocytosis 
stimulating activity. 

There was only a general correlation between the absolute levels of white cell. 
in the blood of the patient and plasma activity. 

Patient BR—whose plasma lymphocytosis stimulating activity was within 
normal limits, had just had a remarkable clinical remission prior to the taking of 
his. blood for testing. His previous white cell count of 300,000 per c.mm. hac 


fallen to 8,000 per c.mm., and his general condition had improved considerably 
in the week prior to the testing of his plasma. 

It is of interest to note that patient CA—, whose plasma had a relatively low 
lymphocytosis stimulating power, was in an acute terminal phase of the disease. 
This is in keeping with the relative lack of plasma activity noted in the five cases 
of acute lymphatic leukaemia tested. 


DISCUSSION 

Control mechanisms responsible for the maintenance of observed levels of 
white cells in the circulating blood in health and disease, undoubtedly exist, but 
their elucidation has proved difficult. 

Foster and Miller (1950) have shown that factors circulate in the plasma o! 
patients with leukaemic diseases, which stimulate cellular activity in the lymp) 
nodes of inoculated guinea-pigs. Similar factors in leukaemic plasma have been 
shown by Oliva and Tramontana (1950) toinfluence the number of circulating white 
cells in normal human recipients. 

The present work has demonstrated the presence of a factor in the plasma o! 
chronic lymphatic leukaemic patients, which, following intracerebral inoculation. 
causes an increase in circulating lymphocytes in baby mice. 

There are three possible mechanisms by which the increase in circulating 
lymphocytes was produced : 

(a) increased production of lymphocytes ; 
(b) increased release rate of preformed lymphocytes ; 
(c) increased survival time of circulating lymphocytes. 
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The delay, following inoculation, of about two days before a measurable effect 
yas produced, suggests an increased production of lymphocytes. A time lapse of 
caly a few hours might be expected if the effect was due to an acceleration of the 
mechanism. 

The possibility of an induced prolonged survival time of pre-formed lympho- 
« tes is unlikely, but cannot be ignored in view of the evidence of Osgood et al. 
( 952) and others of the prolonged survival time of lymphocytes in chronic 
| mphatic leukaemia. 

Significant elevation of the lymphocyte count persisted for a variable period of 
s x to fourteen days, following a single inoculation. This suggests the activity of 
a foreign protein which is being gradually broken down and eliminated. 

The time lapse of six days between inoculation of plasma and the production 
© the maximum increase in circulating lymphocytes is considerably longer than 
tve time lag of six hours reported by Oliva and Tramontana (1950) for man. It is 
likely that the route of inoculation chosen, the age of the mice, the changing 
pattern of their haemopoietic tissues and the inherent responsiveness of the mouse 
a a species, account for these differences. 

It is significant that three animal species—the guinea-pig, man and mouse— 
have now been shown to be responsive to the stimuli of circulating factors in the 
biood of leukaemic patients. This increases the likelihood that the experimentally 
observed activity of such factors is identical with the natural function of these 
factors in the leukaemic patient. 

It is doubtful if the lymphocytosis stimulating factor in the plasma of lymphatic 
leukaemic patients is directly related aetiologically to the disease. However, the 
continued presence of such a factor in the plasma of these patients must influence 
the dynamic equilibrium of lymphocyte production and destruction in the disease. 

Along with the known prolonged survival time of the leukaemic lymphocyte 
and the evidence of deficient elimination of white cells by the lungs and other 
organs of leukaemic patients (Bierman, Kelly and Cordes, 1955), it probably 
assists in maintaining the characteristically high level of circulating lymphocytes 
and the progressive nature of the disease. 

It is of interest in this regard that the lymphocytosis-stimulating activity of 
the plasma has been found to vary in accordance with the clinical activity of the 
disease. 

The experimental procedures described here have not demonstrated the presence 
of similar white-cell stimulating factors in other types of leukaemia. This lends 
support to the contention of some workers that chronic lymphatic leukaemia 
differs fundamentally from other types of leukaemia. 


SUMMARY 

1. The presence of a lymphocytosis-stimulating factor in the plasma of patients 
with chronic lymphatic leukaemia has been demonstrated by the inoculation of 
such plasma intracerebrally into baby mice. 

2. No lymphocytosis stimulating effect was observed following the inoculation 
of normal plasma or plasma from cases of acute and chronic myeloid leukaemia, 
acute lymphatic leukaemia and multiple myeloma. 

3. The lymphocytosis stimulating activity of the plasma parallels the clinical 
activity of the disease. 


4. The significance of these findings is discussed. 
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POLARIMETRIC INVESTIGATION OF SERA 
FROM NORMAL AND CANCER RATS 
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In reactions involving reduction of triphenyltetrazolium chloride (TTC) and 
c.talysis of the decomposition of azide (Neish, 1954a, 1954), sera from tumour- 
} aring rats showed diminished activities as compared with normal rat sera. While 
t|.ese declines could be correlated closely with tumour size, the range of values for 
normal sera was such that abnormally low cancer serum levels were not encountered 
until the tumours occupied about 15 per cent of the total body weight. However, 
when cancer and normal sera were employed for the reduction of TTC (Neish, 
1954a) a difference in colour reaction, often observed between the groups, was 
sometimes evident even with sera from cancer rats whose tumours were as small 
as 1 per cent. It was suspected that the type of colour obtained was due in some 
measure to colloidal effects involving the protein composition of the serum and it 
became of interest to investigate possible changes in rat serum protein levels 
particularly during the early stages of tumour growth. 

A simple preliminary approach to this problem, which should be amenable to 
statistical study, was suggested by the work of Abderhalden and Weil (1912) who 
found that the optical rotation values of sera from cancer patients were lower than 
those for normal persons. Since serum optical rotation (SOR) is due mainly to 
the protein components Abderhalden and Weil’s results indicated the association of 
hypoproteinaemia with cancer. 

Sera from cancer and normal rats have now been examined polarimetrically 
and it has been found that tumours of 1 per cent or less may produce an appreciable 
diminution in optical rotation of the host’s serum. A highly significant linear 
relationship between this decrease in rotation and increase in tumour percentage 
has been demonstrated. 

The rats chosen for comparative studies were 70 to 120 days of age. This 
restriction was applied because Hatai (1918) and Swanson and Smith (1932) had 
shown that rat serum protein levels were not independent of age and because in 
the present work it was observed that SOR is also dependent on the age of the rat. 
A strong positive correlation was found between SOR and total body weight 
(1 BW) and there is some evidence for a sex difference in that normal female rats 
tend to exhibit higher SOR values than males of corresponding weight. Some 
in‘ormation has been obtained concerning changes in SOR during pregnancy. 


MATERIALS AND METHODS 


Animals 
Albino rats (70-120 days old, unless otherwise stated) were inoculated sub- 
citaneously in the right flank with dibenzanthracene-induced rat sarcoma 
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mince (~ 0-1 ml.). This rat tumour, Rd/3 (mistakenly referred to as Rb/3 in 
previous publications ; Neish, 1954a, 1954b) was obtained from Sheffield Universit, 
Field Laboratories, where it has been maintained by transplantation since it: 
initiation in 1935. 

Inoculated animals and normal controls, which received water and Diet No. 
(supplied by McGregor & Co., Quayside Mills, Leith) ad libitum, were weighe:| 
daily and were kept until the transplants had attained a suitable size. Som: 
tumours grew slowly or tended to regress, but no account has been taken of tumor » 
age in the present analysis. Several tumors (excluded from the analysis) wei » 
contaminated with Salmonella enteritidis and the effects of these on SOR will b» 
mentioned later. 

Usually rats were sacrificed in groups of 3 together with the same number «! 
controls and most of the experiments were carried out at the same time of day 
(early afternoon) to ensure as far as possible uniform dietary conditions. 


Sera 


Rats, under ether anaesthesia, were killed by severing the aorta, chest blood 
was collected, allowed to clot at room temperature, centrifuged for 10 minutes at 
2000 r.p.m. and the separated serum stored at 0° C. in cork-stoppered tubes. The 
optical rotation of fresh serum did not differ significantly from that of the same 
serum stored for 24 hours at 0° C. 

For some studies, blood samples (~ 1 ml.) were obtained by venesection of the 
rat’s tail, the animal being under light ether anaesthesia. Serum from tail bloo: 
always gave slightly higher SOR values than chest blood serum. In 13 experiments 
in which tail blood was collected just before chest bleeding the differences in SO: 
ranged from 0-007° to 0-028° with mean value 0-016°, which is somewhat higher 
than the highest range, 0-013°, observed in the precision experiment described in 
the next section. 

Tumours were dissected out and weighed and tumour percentage was calculated 
thus : 


tumour weight (g.) 
total body wt. (g.) 


x 100 


Polarimetry 


Serum was brought to room temperature and 2 x 0-1 ml. samples (blood 
pipette) were pipetted into a test tube. Hydrochloric acid solution (0-1 N ; 2 ml.) 
was added to the serum and the contents mixed with a Pasteur pipette and tran-- 
ferred to a polarimeter tube (1 dem.; capacity ~ 1-25 ml.). The angular rotation 
(a) of the solution was measured (mean of 20 observations, 10 on each side of zero) 
with a Hilger Standard Polarimeter Mk. 11 A (sodium light ; room temperature 
18-22° C.), the value of « being obtained with reference to a blank consisting of 

’ 0-1 N-HCl. Each serum solution showed laevo rotation. 

Serum-HCl solutions could be kept for several days at room temperature 
without any significant change in rotation values occurring in this time. 

The precision of polarimetric measurement was checked with 4 serum samples 
(3 observations each) and the difference between highest and lowest « values in 
each set did not exceed 0-013°. 
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Serum. Tumour %. Mean °. 8.D. corrected.* 
Cancer 7-2 —0-343 0-0055 
Normal ‘ —0-430 0-0070 
Cancer 13-5 —0-287 0-0037 


* S.D. (standard deviation) x / — where n = 3. 


Frequently cancer serum solutions were opalescent, due to the lipaemic nature 
o many of the sera (cf. Neish, 19546), but at the dilutions employed for polari- 
n etry readings could be made without difficulty. Oniy a few normal sera were 
f. intly opalescent. 


RESULTS 
‘rum optical rotation as a function of the age of normal rats 

From results for tail bleeding experiments given in Table I it is seen that the 
optical activity of rat serum increases with age up to 90 days. At about 100 days 
tere is the suggestion of a slight decline in SOR which may be related to effects 
already noted by Hatai (1918) and Swanson and Smith (1932) in rats of this age 
(onset of puberty?). Thereafter SOR values for females increase markedly, while 
those for males also increase but to a lesser extent. 


TaBLE I.—Dependence of Optical Rotation of Rat Serum in 0-1 N HCl 
on the Age of the Donor Rat. 


Number Mean 

of weight 8.D.* Mean, 8.D.* 

rats. Sex. Age. (g.) corrected. (°) corrected, 
3 2 44 days 104 ‘ 10-1 —0-345 ‘ 0-0061 
3 3 120 13-1 —0-345—«z. 0-0126 
6 139 18-2 —0-381 0-0173 
3 2 90 ,, 173 12-5 —0-420 ° 0-0205 
6 « 175 7-5 —0-405 0-0229 
6 3 98 SC 198 16-7 —0-403 " 0-0106 
7 143 =C#«s, 183 20-8 —0-446 0-0248 
3 2 >I1 year 263 17-6 —0-484 ‘ 0-0231 
3 3 >1 year 336 0-7 —0-443—«; 0-0184 
5 3 427 days 357 39-1 —0-417 0-0215 
4 3 442 days. 376 23-7 —0-403_. 0-0253 


* S.D. (standard deviation) x / 4 where n = number of animals in group. 


According to Hatai (1918) sex differences were apparent in the refractive index 
(IL) values of rat serum. He found that male rats older than 85 days had, on the 
average, higher serum RI values than females of this age group. This does not 
accord with trends observed in the present work and the explanation for the 
discrepancy is not clear, since both OR and RI might be expected to change in 
tle same direction with changes in serum protein levels. 


S: rum optical rotation as a function of the total body weight (T BW) of normal rats 

Since the ages of some normal rats were not known with certainty the relation- 
ship between SOR (one determination per rat) and TBW was investigated. These 
values are plotted in the scatter diagram (Fig. 1) for 66 normal rats (32 J and 34 9). 
C! these animals, 24 (13 g and 11 9) belonged to the age group 70-120 days. 


= 
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selected for comparison with the cancer group. Chest blood serum was examine:! 
in this group. For the remaining 42 animals tail blood serum was investigated. 
Correlation analyses were made in the following categories : 
(a) The cancer control group. For convenience, the negative sign of th 
rotation has been discarded, the value of « multiplied by 100 and the SOR value 
quoted as 100«. The following means and standard deviations were calculated ; 


TBW = 192-625000 = 23-653422 
100« = 40-083333 = 1-901468 
TBW x 100% = 7713-09166 


which gave the small negative correlation coefficient, r = — 0-177. In the t tet 


( VT 24) 


t is 0-843, a value which falls below the 5 per cent probability level. Hence tlic 
correlation is not significant as was to be expected from the homogeneous nature 


= 


Serum optical rotation 


100 150 200 250 300 350 400 
Total body weight (g) 


Fic. 1.—Scatter diagram showing relationship between rat total body weight and serum optical 
rotation (100 «). @ male rats; © female rats; @9 rats in the cancer control group. 
The regression lines were plotted from the equations given in Table II for Group Ia 

(r = + 0-495) 


of the sample with respect to age. Further information about this group is contained 
in the histogram (Fig. 3). 

(b) All normal rats. Correlation analyses of TBW and SOR were made. Since 
the trend of the points in Fig. 1 indicates curvilinear rather than linear relationships, 
correlations were also made of the logarithms (to base 10) of TBW and 100z. 
In view of the marked tendency for female rat SOR values to exceed male rat 
values the sexes were analysed separately as above. Correlation coefficients 
together with tests of significance and regression equations are given in Table I!. 

Despite the sex difference trend seen in Fig. 1 the difference between the mean 
SOR values for male and female groups was less than twice the standard error 
of the difference of the means and was therefore not significant. However, tlhe 
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Jifference in the mean TBW’S for the groups was four times the standard error of 
‘he difference of the means. It is thought that the uneven weight distribution 
i. the sexes obscures the sex difference in SOR. 

The significance of the difference between the correlation coefficients (Table IT) 
ior male and female groups was tested by the z transformation (Chambers, 1952) 
and it was found that the difference between the z’s was not significant. 


TaBLe IIl.—Correlation Analyses of the Effect of Rat Total Body Weight 
(TBW) on Serum Optical Rotation (1002). 


Group I: Correlations between TBW (x) and 100 & (y) for (a) 66 g and 2 
rats (b) 32 ¢ rats (c) 34 9 rats. 

Group II: Correlations between log TBW (x) and log 100 a (y) for (a) 66 3 
and ° rats (b) 32 ¢ rats (c) 34 2 rats. 


Standard Errors of 


Estimatet for 
Group. r. Regression equations, and y 
+0-495 . 4-558 a= 9-507 y — 180-319 . 58-365 3-039 
y= 0-026 ++ 35-394 
I ow +0-783 . 6-895 a = 22-480 y — 660-888 . 45-574 1-587 
y= 0-027 x+ 33-483 
e +0-718 . 5-835 7-917 y — 149-977. 31-214 2-831 
y= 0-065 ++ 29-850 
+0-592 . 5-873 a= 2-1866y — 1-2227. 0-1108 0-0300 
y= 0-160l2+  1-2409 
II b.. +0-787 . 6-986 z= 3:-7722y — 3-6835 . 0-0839 0-O175 
y= 0-16427+ #41-2141 
+0-809 7-790 2-1240y— 1-1944. 0-0658 0-0251 
y= 0-30832+ 0-9259 


* Each value exceeds 0-1 per cent probability level ; highly significant. 
Standard Error of Estimate = 8.D., or, V1 — 
Decline in serum optical rotation as a function of tumour percentage. 


Fig. 2 shows the relationship between SOR and tumour percentage for 45 
animals. From the following data : 


T% =  6-070200 S.D. = 5-381959 
100a = 32-522222 S.D. = 4-245464 
T% X 100% = 177-073109 


r was calculated to be — 0-890 with ¢ = 12-823 (exceeds 0-1 per cent probability 
level; highly significant). Regression equations (where x = T per cent and 
y = 100) are as follows : 


y = — 0+702328¢ + 36-785493 
xz = — 1+128679y + 42-777349 


the standard errors of estimate for x and y being 2-450395 and 1-932951 respectively. 
On correlating tumour weight with 100« a smaller negative coefficient, namely, 
r = — 0-84 was obtained. Here ¢ was 10-173 (exceeds 0-1 per cent probability 
level) and the result is highly significant. 
When total body weight of tumour animals was correlated with 100«, a low 
positive coefficient, r = + 0-018 was found (¢ = 0-121) which was not significant. 
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In contrast, it may be of interest to mention that from figures quoted by E! 
Mehairy (1950) for TBW of 33 tumour mice and their blood «-amino nitroge: 
levels, calculation has shown a positive correlation coefficient of 0-518 (¢ = 3-37) 
significant at the 1 per cent level). Perhaps part of the increase in «-amino 
nitrogen observed during tumour growth (T per cent compared with «-amino .\ 
gave r = + 0-753) may be attributed to the TBW of the host. The result suggest « 
that there may be a positive correlation between blood «-amino nitrogen and th: 
TBW of normal mice but, unfortunately, this could not be checked for lack of data. 


Serum optical rotation 


n 
| 


5 10 15 
Tumour weight percent 


Fic. 2.—Scatter diagram showing relationship between serum optical rotation (100 «) and 
tumour percentage. @ male rats; © female rats. Mean SOR (—>>) and range (—) for 
24 rats of control group. For regression equations see text. 


From the histograms of Fig. 3 it will be noted that of 8 tumours whose SOK 
values overlap the normal histogram only one is greater than 1 per cent. The others 
are less than 0-5 per cent. Outside the normal range are 7 tumours smaller than 
1 per cent. and of these 3 are less than 0-5 per cent. 


Tail bleeding experiments with normal, pregnant and tumour rats 
Examination of sera collected from normal adult female rats at intervals of not 
less than 4 days revealed that considerable fluctuations in SOR can occur. However 
the lowest values in any series have always been within the normal range for adu!t 
rats. Perhaps changes in total blood volume are responsible for the variations. 
During pregnancy SOR tends to rise, drops sharply just before parturition an: 
thereafter returns to normal. In the following example SOR and TBW (g.) at the 
time of tail bleeding are given in brackets. 
20.ix.55 (—0-409°; 265); 22.ix.55 (mated); 27.ix.55 (—0-411°; 
278); 3.x.55 (—0-460°; 272); 7.x.55 (—0-474°; 293); 11.x.55 
(— 0-383°; 335; lipaemic serum); 13.x.55 (parturition); 18.x.55 (— 
0-436° ; 283). 
Despite the considerable drop in SOR just before parturition, the final SOR value 
was within the normal range. In another pregnancy showing very similar trencs 
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the lowest SOR value encountered was — 0-393° one day after parturition. Ih 
another case a pregnant animal was chest bled just before parturition. The SOR 
was — 0-381° and the foetal weight was 37 g. (or 11 per cent of TBW). Again, tw: 
animals chest bled during early pregnancy gave normal SOR values, namely 
— 0-447° and — 0-436° and the foetal percentages were 2-3 and 1-0 respectively. 

During tumour growth the drop in SOR begins usually in the second week 
following transplantation, when acceleration of neoplastic growth sets in. The 
following is a typical experiment. When two values for SOR are quoted the second 
refers to a measurement on chest blood serum. TBW is given in brackets. 


Male 
Rat 
Number. 23.vii.55 25. vii. 55 6. viii. 55 8. viii. 55 
1 . —0-407 (196) . Rd/3 . —0-415 (207) . —0-397 (208) . 
inoculated —0-374 
. —0-411 (222). - —0-395 (235) . —0-363 (243) . 
0-344 


—0-414 (215) . —0-403 (208) . —0-293 (224) . 
—0- 282 


Salmonella enteritidis infections of some Rd/3 tumours 


Reference has already been made to the appearance of S. enteritidis in some 
Rd/3 tumours (Neish, 1955)* and, in the present work, several tumours whic): 
were growing slowly or regressing were found to contain this organism. One of the 
“tumours ” (0-5 per cent) appeared to consist entirely of pus from which only 
S. enteritidis could be isolated. The host gave a normal SOR value (— 0-405°). 
In another tumour (0-7 per cent), which consisted of a cluster of nodules, only one 
of the nodules contained the organism and the host’s SOR was abnormal (—0-364°). 
Possibly some of the rats are carriers of silent S. enteritidis which becomes activated 
after Rd/3 inoculation. It would appear, however, that apart from the apparent 
adverse effect of S. enteritidis on tumour growth, the presence of the organism has 
little influence on SOR. 

It is of interest that two human cancer cases have been recorded with salmonella 
abscesses in the tumours, one by Gray (1936; S. suipestifer in myoma) and the 
other by Giel (1954; S. typhimurium in pheochromocytoma). 


DISCUSSION 


Rd/3 tumours as small as 0-5 to 1 per cent can cause a marked diminution in 
the host’s serum optical rotation. As an indicator of tumour growth the SOR 
procedure seems to be more sensitive than e.g. Warburg and Christian’s (1943) 
plasma aldolase study in which abnormally high aldolase levels appeared only whe: 
the Jensen sarcoma occupied 2-5 per cent of the rats’ total body weight. Again in 
the study of El Mehairy (1950) increases in mouse blood «-amino nitrogen, as the 
result of tumour growth, did not reach significantly high levels until the tumour» 
were of the order of 5 per cent of the total body weight. 

The results obtained with normal animals in the present work seem to indicat: 
that when tests are being applied to serum proteins (and perhaps even to amin 

* When this communication was made the writer was unaware of the paper by Schwartzma 


(Schwartzman, G., 1935, Proc. Soc. exp. Biol. N.Y., 32, 1603) in which it was shown that sponi- 
aneous B. enteritidis infection of mice bearing Sarcoma 180 caused regression of many of the tumour. 
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ecids, proteoses and other materials in equilibrium with the proteins) effects due 
io the age of the serum donor may have to be taken into account. 

While the magnitude of the drop in SOR during pregnancy may be as great as 
that observed during tumour growth the SOR level increases to such an extent 
efore parturition that the lowest SOR level finally attained is still within the 
,ormal range. No such elevation in SOR has ever been noted during tumour 
evelopment. 

Although it is probable that hypoalbuminaemia (cf. Winzler, 1953) may be the 
i iain factor for the drop in SOR during tumour growth, the possibility of contribu- 
t.ons from “ pathological’ proteins with lower optical rotations than normal 
(Jirgensons, 1955) cannot be excluded. Changes in blood volume may also play 
some part. With these points in mind a more detailed investigation is being 
ndertaken. 


SUMMARY 


The optical rotation of rat serum has been shown to be dependent on the age 
(and weight) of the animal. 
During the development of Rd/3 tumour, the optical rotation of the host’s 


serum declines markedly. 


I am greatly indebted to Dr. R. R. Gillies of the Dept. of Bacteriology for his 
identification of S. enteritidis in the tumour pus samples and I wish to thank Mr. 
A. Purdie for his great care in supplying and maintaining the animals. 

Thanks are due to the Melville Trust for a fellowship in cancer research. 
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In earlier publications (Emmelot and Bos, 1955a, 19556, 1955c) experiments 
were described which indicated that the mitochondria from different tumour 
strains of the mouse were markedly at variance with each other in the extent to 
which their adenosine triphosphate and diphosphopyridine nucleotide splitting 
enzymes (ATPases and DPNases) were active in vitro. That these splitting 
activities might be inherent to tumour mitochondria was deduced from a study on 
the inhibition of octanoate and pi-f-hydroxybutyrate oxidation of normal liver 
mitochondria in the presence of tumour mitochondria. In the present communi- 
cation more direct evidence on the differences in the tumour mitochondrial ATPase 
and DPNase activities is presented. At the same time, results of other experiments 
are described in which a related aspect of mitochondrial behaviour was studied. 
i.e. the changes in optical density of mitochondrial suspensions in the presence 
and the absence of ATP and 2 : 4-dinitro phenol (DNP). These experiments were 
performed in the hope that they would furnish additional information on the 
properties of the tumour mitochondria in comparison with those of normal liver. 
since the responsiveness of mitochondria to the addition of ATP and DNP migh 
be governed by the extent of biochemical integrity exhibited by the mitochondria 
in vitro. Biochemical integrity is best illustrated by the intact oxidative ani 
phosphorylative systems of freshly prepared mitochondria from liver with their 
high P/O quotients, latent ATPase and DPNase activities and, consequently. 
their ability to oxidize fatty acids (Schneider, 1953 ; Hogeboom, Schneider an! 
Striebich, 1953). 

EXPERIMENTAL 


The tumours studied were well established specimens transplanted in our 
Institute ; particulars of tumours and mice were given in the preceding communica - 
tion of this series (Emmelot and Bos, 19555). The preparation of the mitochondri 
for the optical density tests and the medium (tris buffer, KCl, versene, Mg’, 
ATP) used have been adapted from Chappell and Perry (1954). Incubations were 
carried out in 5 ml. of the same medium without versene and ATP. The amoun' 
of mitochondria present varied from 0-7—0-9 mg. nitrogen determined with « 
micro-Kjeldahl procedure. After 15 minutes at room-temperature, 0-1 ml. 0-1 \i 
ATP was added ; DNP, when present, was in a final concentration of 10-*. M. 
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Optical densities were read at 520 my, with a Unicam spectrophotometer. At 25 
ond 45 minutes after the introduction of ATP 0-5 ml. of the suspension was 
deproteinized and used for the determination of inorganic phosphate (P;) (Fiske 
ond Subbarow, 1929). Data were calculated as ~-moles P; per 1 mg. mitochondrial 
itrogen. 
Aged mitochondria were obtained by incubation of fresh mitochondria, 
‘solated in the complete medium, in the absence of ATP, Mg**+ and versene for one 
,our at 37° C. After this period, 0-2 ml. portions of this suspension were pipetted 
ato 4-8 ml. of tris-KCl medium containing Mg*+. Optical densities were then read 
‘n the presence and absence of ATP and or DNP. Mitochondria were present in 
mount corresponding to the afore-mentioned nitrogen content. In other 
:xperiments Mg*?+ 0-005 M was also added during the pre-incubation at 37° C. 
Measurements of ATPase activity (as given in Fig. 3 and Tables III, IV and V) 
were made as follows. A mitochondrial suspension containing 2-3 mg. N per ml. 
vas freshly prepared as described and 0-1 ml. was added to 1-7 ml. of a tris-KCl- 
medium containing Mg?+ (without versene and ATP); 0-1 ml. 0-2 M ATP was 
also added. Incubation was at 27° C. with shaking, in air. The reaction 
was stopped by addition of 0-1 ml. 50 per cent trichloroacetic acid. After 
centrifugation P; was determined in an aliquot of the clear supernatant. 
Measurements of DPNase activity.—Mitochondria were prepared in 0-25 M 
sucrose containing 0-001 M versene according to Schneider and Hogeboom (1950) 
(the nuclear fraction was not resuspended) and suspended in 0-013 M phosphate 
buffer (pH 7-4). The resulting suspension contained from 2 to 3 mg. mitochondrial 
N and 0-3 ml. of this suspension was pipetted into the reaction flasks, which 
contained 0-3 ml. of a 0-07 M phosphate buffer (pH 7-4), 0-1 ml. 0-16 M 95 per cent 
DPN (obtained from C. F. Boehringer u.8, Mannheim), and 0-9 ml. water. 
Incubation was at 27° C. with shaking, in air. The reaction was stopped by 
vapid cooling and the mitochondria were centrifuged down at 15,000 x g for 10 
minutes at 0° C. A 0-5 ml. aliquot of the clear supernatant was then pipetted into 
ithe cell of the spectrophotometer (Unicam SP500) which contained 0-1 ml. 10 per 
cent ethanol, 1-5 ml. phosphate buffer (0-07 M pH 7-4) and 0-8 ml. H,O. The 
optical density at 340 my. was adjusted to 100 per cent transmission. After 
addition of 0-1 ml. of a dilute solution of crystalline alcohol dehydrogenase (also 
obtained from C. F. Boehringer u.S, Mannheim) (the 30 mg./ml. suspension was 
diluted 1: 500 with water), the extinction of the resulting DPNH was read at 
340 my. and corrected for the addition of the enzyme (Jedeikin and Weinhouse, 
1955). The amount of DPNH is calculated with the aid of a curve constructed 
with the optical densities of known amounts of DPNH formed from DPN as the 


same procedure. 


RESULTS 


Lxperiments with liver mitochondria 
The effect of ATP addition on the optical densities of two different liver mito- 
chondrial suspensions, prepared in the KCl-tris-versene medium containing Mg** 
and incubated with and without DNP in the absence of versene, are plotted in 
Fig. 1; a, b,c and d. 
In the presence of DNP the fall in optical density of the suspensions to which 
no ATP was added (b, d e—— @) was found to be much steeper, and the maximum 
- x ), lower than with the suspensions 
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incubated in the absence of DNP (a,c @ @ and x x, respectively). The 
dotted line in Fig. 1b shows the course of the optical densities occasionally 


encountered after ATP addition in experiments, which otherwise gave simila) 


results. 


Liver 


it | | | 
0 10 50 70 120 0 0 30 50 70 120 
Minutes 


Fic. 1.—Optical densities of liver mitochondria, in the presence and absence of ATP and/or 
2:4-dinitrophenol (DNP): and «-moles P; split from ATP per 1 mg. mitochondrial N. 
Abscissa, time in minutes. @ @ controls without ATP; left part of figure in the 
absence of DNP, right part in the presence of DNP. x—— x with ATP added ( |); ditto. 
Mg. N present per tube: 0-81 first experiment, 0-67 second experiment. 


TaBLe I.—ATPase Activity of Mitochondria from Mouse Livers (C57 Black) in 
the Presence and Absence of 2 : 4-dinitrophenol (DN P) 


Isolation in tris-KCl-versene, incubation in tris-KCl medium. 
Total number of experiments 8. 


u-Moles P;/mg. N released after minutes. 


25 45 

7-1 10-9 
(5-0-10-0) (6-0-13-0) 

11-0 13-0 
(5-8-13-4) (6-8-15-2) 


A comparison of the amounts of inorganic phosphate (j~-moles P; per 1 mg. 
mitochondrial nitrogen) liberated to the medium 25 and 45 minutes after addition 
of ATP (cf. Table I), illustrates the well known effect of DNP in raising the “ high 
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‘nergy ” phosphate cleavage by mitochondria (Hunter, 1951 ; Potter, Siekevitz 
vad Simonson, 1953). Judging from the results of our series of experiments, 
.f which two examples were illustrated in Fig. 1, it may appear that ATP 
addition evoked the greatest response with liver mitochondria possessing the 
active ATPases. 

When, however, the liver mitochondria were aged before use, by pre-incubation 
in the KCl-tris medium in the absence of ATP, Mg?+ and versene, ATP addition 
onsistently caused a very significant rise in the optical density of these suspensions 

‘ig. 2a). This rise in the optical density of the aged mitochondrial suspensions 
{om liver closely resembles that of the fresh mitochondria from pigeon breast 


Liver(ageing a) 


Minutes 


Fic. 2.—Optical densities of liver mitochondria after pre-incubation (a in the absence, bin the 
presence of 0-005 M Mg*+): Effect of ATP addition ( | ) in the absence of DNP ( x xi, 
and in the presence of DNP (x — —— X), as compared with the appropriate controls 
(a: curve @ — — — @ identical with @ @; b with DNP same curves as without). 
The optical densities of the fresh mitochondrial suspension, containing the same amount 
of N (0-67 mg.), was 0-480 (520 mz.) at 0 min, 


muscle studied by Chappell and Perry (1954). The effect of the pre-incubation on 
‘he activity of the mitochondrial ATPase as shown by the -moles P; appearing in 
‘he medium, was 6-6 for fresh and 8-2 for aged mitochondria. In another experiment 
+8 and 9-3 z-moles P; were found respectively, but in a third no activation was 
found (10 and 10-3). 

When the liver mitochondria were freshly prepared and examined by phase 
ontrast microscopy practically no aggregation of mitochondrial bodies could be 
een, but after 60 minutes at room temperature some aggregation had taken place. 

The optical densities of the pre-incubated mitochondria were always much lower 
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than those of freshly prepared suspensions containing the same amount of mito- 
chondrial nitrogen. This may be due not only to a swelling of the mitochondria bu: 
very probably also to an aggregation of the particles. Upon ATP addition ther. 
was some indication that the extent of this mitochondrial aggregation diminished. 
while at the same time the individual mitochondria regained a more compac: 
appearance. 

The presence of DNP in the suspending medium of the aged liver mitochondria 
did not result in the steeper fall of optical densities such as was shown by thei: 


y 


: 


| — 
20 30 
Minutes 


Fic. 3.—ATPase activities of liver mitochondria as a function of mitochondrial concentra- 
tion ( moles P; split from ATP calculated per mg. N). 
@ 0-38¢ mg. N/tube. x x 0-12% mg. N/tube. 
O oO 0-19° ” ” A A 0-097 ” ” 
The mitochondria used in this experiment were obtained from livers of Odz x dz mice. 
It was found that these particles sometimes showed much higher ATPase activities than 
those of the other mouse strains (compare Table IV) and were unable to oxidize fatty 
acids under the standard conditions. This figure illustrates such an example. (For 
conditions see Experimental.) 
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‘resh counterparts. Neither was the ATPase found to be activated by DNP in 
‘wo experiments (8-2 and 8-7; 9-3 and 9-3 ~-moles P; released with and without 
NP present), but an activation was found in the third experiment from 10-3 to 

2-3 w-moles P;. The response of the aged mitochondria to ATP addition in the 
;resence of DNP was, however, markedly slower and less than in the absence of 

When the liver mitochondria were pre-incubated in the presence of Mg?+—an 
activator of the mitochondrial ATPase—the response in terms of optical densities 
t » ATP was almost, and that to DNP was completely absent (Fig. 2b) ; the ATPase 
vas found to be activated further (from 8-2 to 10-8 and 9-3 to 11-3 ~-moles P,, 
)espectively, as compared after ageing in the absence of Mg**). 

In the experiments with liver mitochondria and especially with the tumour 
»itochondria it was not always possible to use the same amount of mitochondria. 
‘herefore the ATPase activity was measured as a function of mitochondrial 
concentration, using liver mitochondria freshly prepared in the complete KCI- 
‘-is-versene medium and diluted to 1/2, 1/3 and 1/4 of the original volume. The 
results, expressed as -moles P; released per 1 mg. mitochondrial nitrogen (Fig. 3), 
show that the smaller the concentration of the mitochondria, the greater the amount 
of P,; appearing in the medium, This was also found in other instances, for example 
with a combination of liver and tumour mitochondria. (The data in the tables are 
not corrected for this ‘ concentration-effect ’’.) Although the exact reason for 
this phenomenon is not known to us, it may perhaps be connected with mito- 
chondrial aggregation. 


Experiments with tumour mitochondria 

In order to study the variations in optical density of tumour mitochondrial 
suspensions in the presence and absence of ATP and DNP, together with their 
ATPase activities, four transplanted tumours of the mouse were selected : T26554 
an interstitial cell carcinoma of the testis ; T5441, a granulosa cell tumour of the 
ovary ; UV256, a sarcoma ; and T17572, a carcinoma of the adrenal cortex. 

The mitochondria of these tumours differ in their biochemical behaviour as 
judged from the inhibitory effect which they produce on the fatty acid oxidation of 
normal liver mitochondria. The sucrose-versene mitochondria of the first two 
tumours do not interfere with the fatty acid oxidation of liver mitochondria ; 
the tumour mitochondria per se are even capable of oxidizing octanoate (low 
ATPase and DPNase activities). However, under other conditions of preparation, 
the mitochondria from T5441 are found to show some differences from those of 
26554. But the mitochondria from the sarcoma and the adrenal cortex carcinoma, 
when prepared in sucrose-versene, completely inhibit the fatty acid oxidation: of 
the liver mitochondria (high ATPase and DPNase activities ; cf. Emmelot and 
lsos, 19556). The results of Fig. 4 show that the same order in ATPase activities is 
found under the present conditions by comparing the amounts of P; released from 
\TP into the suspending medium with the conclusions drawn from the “ inhibition 
assay ”’. 

Rultaiien it is seen (Fig. 4) that the tumour mitochondria do not respond 
‘> DNP in the same way as the liver mitochondria. First, DNP did not enhance 
‘he ATPase activities of the mitochondria from the transplanted tumours to any 
ignificant extent, not even with those mitochondria (e.g. from T26554) which 

xhibit an ATPase activity of the same order as that found for the liver mito- 
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chondria. Secondly, the optical density-time curve of the tumour mitochondri: 
does not show a steeper fall in the presence of DNP than in its absence. Hence i 
would appear as if DNP had more or less lost its point of attack on the tumour 
mitochondria. Nevertheless, DNP abolishes the retarding effect shown by ATI 
on the fall in optical density of the tumour mitochondrial suspensions in a few 


Fic. 4.—Optical densities of tumour mitochondria, in the absence and presence of ATP and, 
or DNP, and » moles P; sp!'t from ATP per 1 mg. mitochondrial N. @——@ and x—— x 
compare Fig. 1. :: visibie agglutination. Mg. N present per tube : T26554 0-87 and 6-78, 
T5441 0-85, UV256 0-79, and T17572 0-87. 


cases (compare T26554). In view of the known action of DNP to evoke the latent 
ATPase activity of fresh liver mitochondria, and the absence of a DNP-effect on 
the ATPase of mitochondria which are already activated, the findings reporte:l 
may indicate that under the particular conditions of the present experiments, the 
fresh tumour mitochondria are already in such a state as prevails when fres') 
liver mitochondria are “‘ damaged ” as, for example, by ageing in the presence of 
Mg*+. It was therefore not unexpected to find that ageing of the tumour mitc- 
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‘nondrial suspensions did not change their optical density after addition of ATP 
.v DNP, nor did it activate their ATPase. 

It has been found that sucrose isolated mitochondria from liver when aged in 
i, Cl-phosphate buffer at 37° C.—a condition under which resting mitochondria pass 
son into a “‘ damaged ” stage—are capable of inhibiting the fatty acid oxidation 
cf their fresh counterparts (Emmelot and Bos, 19556). The behaviour of such 
treated liver mitochondria resembles that of the fresh sucrose mitochondria of 
10st tumours studied by us. These, together with the other findings, had led us 
t the opinion that the factor(s) responsible for the inhibition of fatty acid oxidation 
i the combined system of liver and tumour mitochondria may arise in consequence 
c! an in vitro “ disorganization ” of the integrated biochemical structure of the 
t:mour mitochondria, causing among other effects the activation of latent ATPase 
and DPNase activities. 

In many, but not in all, experiments with the mitochondria from the trans- 
y !anted tumours, a visible agglutination (indicated on Fig. 4 by : : ) was evident in 
tie absence of ATP. It became apparent between 70-120 minutes’ incubation at 
room-temperature and occurred irrespective whether DNP was present or not. 
As can be seen from Fig. 4, ATP did always prevent the visible agglutination. As 
mentioned earlier, phase contrast microscopical observation showed that an 
aggregation of the mitochondria from liver and tumour occurred sooner or later 
during incubation. This phenomenon may interfere with an interpretation of the 
optical density curves in terms of mitochondrial swelling (fall) or shrinkage (rise). 
A few examinations by phase contrast microscopy showed no marked alterations 
in the size of the tumour mitochondria in the presence of ATP, whereas such an 
effect was sometimes noted with the liver mitochondria (for example, Fig. 1c). 

Mitochondria prepared from “early stage ’’ and ‘‘ fully developed ” spontaneous 
hepatomas, found in a high incidence in old female (C57 Black x C,H,) hybrids, 
were also studied. By using the criteria of the inhibition of fatty acid oxidation, 
it was argued that during growth of these spontaneous hepatomas certain biochemi- 
cal changes took place which were found to manifest themselves in vitro and could 
be explained by an increased activity of the mitochondrial ATPase of fully 
developed as compared with early stage tumours (Emmelot and Bos, 1955d). The 
mitochondria from the latter tumours were from the biochemical point of view 
much like normal liver mitochondria, those of the fully developed hepatomas 
resembled closely the mitochondria of T5441. Table II illustrates the phosphate 
release from ATP by the action of these mitochondria. The ATPase activity 
observed is in accord with the earlier results. The mitochondria from the spon- 
taneous hepatomas behave similarly to those of the liver in the way their ATPase 
is activated by DNP. However, the optical density-time relation shown by the 


TaBLE II.—AT'Pase Activity of Mitochondria from Spontaneous Hepatomas 
(C57 Black x C3H,) F,; Effects of 2 : 4-dinitrophenol (DN P) 
uMoles P;/mg. N released after minutes. 


25 45 


Mitochondria from. —DNP. + DNP. —DNP. + DNP. 
Spontaneous hepatomas : 


> 
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hepatoma mitochondria, incubated in the presence of DNP, was not like that of the 
liver mitochondria shown in Fig. 1b and d, but followed that of the other trans- 
planted tumours presented in Fig. 4. Rat brain mitochondria, which had bee 
found (Emmelot and Bos, 19555) to inhibit the octanoate oxidation of the liver 
mitochondria when added to the latter, had also optical density-time relations 
similar to those of the transplated tumours. The ATPase activities of brain mito- 
chondria were also much higher than those of the liver mitochondria, as can b» 
seen from Fig. 5. 


LJ 
0 1 30 50 70 80 120 0 10 30 50 70 
Minutes 


Fic. 5.—Optical densities of brain mitochondria, in the presence and absence of ATP and, 
or DNP, and yu moles P; split from ATP per 1 mg. mitochondrial N (mg. N present per tube : 
0-67). @ @ and x x ; asin Fig. 1. 


TaBLe IIIl.—AT'Pase Activity of Tumour Mitochondria in the Absence and 
in the Presence of 2 : 4-dinitrophenol (DN P) 


Isolation in KCl-tris-versene medium, suspension in KCl-tris medium. 
Incubation at 27° C. 


u-Moles P;/mg. N released after minutes, 


Mitochondria mg. N - 
from tumour. tube. DNP. 5 10 20 30 40) 
T26554 . 0-21 4°8 10-3 12-1 18-0 
T5358* . 0-23 7-5 9-0 12-0 17-1 18-1 
0-17 _ 8-0 10-8 12-5 15-8 16-6 
» + 6-6 8-0 11-2 13-1 16-6 
T49985¢ . 0-32 6-6 9-0 13-5 19-0 - 
a a 6-0 8-6 13-3 18-9 - 
T28012f . 0-19 7-4 11-3 16-0 20-6 
= + 8-9 12-7 17-5 — - 
Hepatic carcinoma (rat) || . 0-27 _ 7-7 13-0 20-0 25-0 28 2 
T26473f . ‘ 0-27 7-0 10-3 18-4 27-0 -- 
T24202§ . ‘ 0-22 7-6 12-4 20-6 26-6 
UV256. . 0-25 _ 9-7 13-0 19-8 26-2 29-4 
0-27 10-3 15-3 21-5 29-3 31-3 
T17572 . 0-33 10-1 15-8 27-4 38-0 


* Testis tumour.  t Mammary carcinoma. { Hepatoma. § Sarcomatoid ovarian tumour. 
|| Primary tumour, induced by butter yellow feeding; compare: normal part of this rat liver 
(0-27 mg. N/tube) 5-6, 7-5, 9-3, 10-3 and 11-9 uw moles P; split from added ATP per 1 mg. mi'‘o- 
chondrial N over the same time periods. 
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The results of further measurements of the ATPase activities of tumour mito- 
chondria, under conditions which were different from the preceding experiments, 
are given in Table III. Here, again, the mitochondria from the tumours belonging 
t» the same group as the sarcoma and the adrenal cortex carcinoma show the highest 
a tivities. Also falling in this class are the mitochondria from the hepatic carci- 
nomas induced by butter yellow feeding in rats (pure strain R Amsterdam), which 
e hibited an ATPase activity over twice as high as that of the non-neoplastic part 
of the liver. The results obtained with mitochondria from the livers of three 
sirains of mice (CBA, C57 Black and C,H) were of the same order as those from 
r t liver (Table IV). 


TaBLE IV.—ATPase Activity of Mitochondria from Livers of Three Strains 
of Mice 


Isolation in KCl-tris-versene medium. Incubation KCl-tris 
medium at 27° C. 


u-Moles Ps/mg. N released after minutes. 


Mouse 


strain, mg. N/tube. 5 10 20 30 
CBA . 0-30 3-3 6-8 9-3 11-7 
C57 Black 0-24 3-6 7:6 9-7 13-3 
C,H . 0-33 5-4 6-8 8-7 12-3 
0-28 6-6 8-4 2- 14-3 


The effect of Mg?+ and Ca*+ on the ATPase of the mitochondria from the 
sereoma UV256 (Table V) clearly shows the activating effect of Mg?+ on the 
ti:mour mitochondrial ATPase. The activating effect of Ca?+ appears to be smaller 
than that of Mg**. 


TaBLe V.—Effect of Mg**+ and Ca** on the ATPase of the Mitochondria 
from Sarcoma UV 256 
Isolation in the tris-KCl medium in the presence of versene (t + v) and in 


the absence of versene (t — v), and ditto of Mg*+. Incubation in the 
absence of versene at 27° C., Mg*+ or Ca** (0-005 M) as indicated. 


u-Moles P;/mg. N released after minutes. 
A 


Isolation. Mg**. mg.Njtub. “5 10 20 30 
« 9-1 12-6 19:5 26-5 

t+v { } { 6-5 7:5 10-3 13-8 
11-8 15-3 23-8823 

{ } On. { 6-1 74 10-1 12-8 


As was shown earlier, DPNase activaties were also (partly) responsible for the 
inhibitory effect of tumour mitochondria on the fatty acid oxidation of liver 
mitochondria. These experiments (Emmelot and Bos, 1955c) showed that, with 
s\\crose-versene prepared mitochondria, high activities were inherent to the follow- 
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ing tumours : T17572, UV256, T24202 (a sarcomatoid tumour of the mouse ovary), 
butter yellow induced primary carcinomas of the rat liver and, sometimes, T86157 
a lymphosarcoma. No such activities could be ascribed to, among others, T5441. 
T26554, T5358 (an interstitial carcinoma of the mouse testis) and T28012 (a mouse 
hepatoma). 

These variations between the mitochondria of different tumour strains have 
now also been studied more directly. Tumour mitochondria were prepared in 
sucrose-versene and incubated up to thirty minutes in a phosphate buffer in the 
presence of DPN. At fixed time intervals the DPN left was introduced into the 
system alcohol-alcohol dehydrogenase and the resulting DPNH was measured 


cent of DPN added) 


(as per 


/mg 


isappeared 


DPN di 
S 


— 


i 20 30 
Minutes 


Fic. 6.—DPNase activities of tumour mitochondria (amount of DPN 
disappearing calculated as per cent of DPN added). 


A A Primary hepatic car- x x T26554. 
cinoma (rat). 

® @ T17572. @ T5441. 

~ UV256. A A T5358. 

Oo © 1T28012. + + T24202. 


Descriptions of the tumours used are given in the text. 
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spectrophotometrically. As can be seen from Fig. 6, the results obtained correspond 
closely with the conclusions drawn from the fatty acid oxidation experiments. 
Practically no coenzyme disappeared with heat inactivated mitochondria. Although 
the results.of others (Williams-Ashman and Kennedy, 1952; Wenner and Wein- 
house, 1953; Quastel and Zatman, 1953; Carruthers and Suntzeff, 1954) make 
i probable that the effects described are due to DPNase activities, it should, 
nevertheless, be pointed out that the results obtained with the present techniques 
(direct enzymatic assay of DPN and the fatty acid oxidation experiments) only 
permit the conclusion that added DPN disappears and that the bound DPN of 
the liver mitochondria is inactivated in the presence of the tumour mitochondria. 

Therefore, the effect of nicotinamide, which is known as a specific inhibitor of 
the pyridine nucleosidases, was studied on the disappearance of intact DPN in 
the presence of the mitochondria from the adrenal cortex carcinoma T17572 and 
the lymphosarcoma T86157. In both cases it was found that after addition of 
(-005 M nicotinamide no DPN disappeared. Hence, the tumour mitochondrial 
1)PNase appeared to be completely inhibited. It was also found (Emmelot and 
los, unpublished experiments) that nicotinamide could partly counteract the 
inhibition shown by the mitochondria from the sarcoma UV256 on the liver 
mitochondrial oxidation of pi-f-hydroxybutyrate and thus replace added DPN 
in what was recently shown to be the ATP-independent oxidation of the p-isomer. 

Mitochondrial preparations from rat brain were also found to possess a very 
active DPNase, similar to that of the hepatic carcinoma of the rat, while addition 
of nicotinamide resulted in an almost complete inhibition of the splitting activities. 
High DPNase activities have been found by Quastel and Zatman (1953) and others, 
when working with acetone powders or homogenates of brain. Brain mitochondria 
thus show several resemblances to tumour mitochondria. It should be noted, 
however, that the mitochondrial preparations from rat brain were found to be 
contaminated with nuclei and other cell debris, from which the tumour prepara- 
tions were completely free. 

Other experiments to be reported later have shown that the tumour mito- 
chondria also exhibit triphosphopyridine nucleosidase activity. These nucleosidase 
enzymes are completely inhibited by nicotinamide and by isonicotinic acid 
hydrazide. 


DISCUSSION 


The results of the present study show that differences between the mito- 
chondria from tumours and liver do exist in vitro. The optical density patterns 
of the tumour mitochondrial suspensions are distinct from those of the liver. 
mitochondria under a variety of conditions such as in the presence of DNP and 
alter ageing. The ATPase activities displayed by the mitochondria from different 
tumour strains may vary from the order shown by liver mitochondria to higher 
vilues. The DPNase activities of the tumour mitochondria vary also and parallel 
tle ATP splitting activities. 

These findings closely agree with the results of our earlier work, in which the 
a ility of tumour mitochondria to inhibit the fatty acid oxidation of liver mito- 
chondria was used as a criterion for ATP and DPN breakdown. The tumour 
mitochondria which showed the greatest inhibition exhibited the highest splitting 
a: tivities in the present experiments. 
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The variations in the biochemical behaviour between mitochondria from 
different tumour strains can perhaps be best depicted as being due to differences in 
their ability to preserve a biochemical integrity in vitro. A disorganization thereof 
may result in active ATPases and DPNases. 

The ability of a mitochondrial system to oxidize fatty acids may be looked 
upon as a safe standard of biochemical integrity. With the only exception of th« 
early stage spontaneous mouse hepatomas, all those tumour mitochondria which: 
were found to oxidize octanoate (Emmelot and Bos, 19556) did so only if the, 
were prepared in the presence of versene, as distinct from the liver mitochondri: 
which retain their ability to oxidize octanoate under much more drastic conditions. 

This, however, still does not mean that the tumour mitochondria have exclusiv: 
properties as distinct from those of non-neoplastic tissues. For, whereas slices of 
the ventral prostate gland of the rat do oxidize fatty acids, mitochondria prepare 
in sucrose from this organ do not (Williams-Ashman, 1955). 

In view of the diversity shown by the mitochondria from different tumou: 
strains, generalizations about their biochemical behaviour may be misleading. A 
similar conclusion was reached by Potter and Siekevitz (1952) when they compare: 
the few available data on the ability of tumour homogenates and mitochondria to 
generate ATP by means of oxidative phosphorylation. 


SUMMARY 


The response of mitochondrial suspensions from transplanted mouse tumours, 
in terms of changes in their optical densities, to various experimental conditions 
(addition of ATP, DNP, effect of ageing), was markedly different from that of 
liver mitochondria. These differences were suggestive of a poorer mitochondria! 
organization of the tumour mitochondria tending to a greater lability as compare:| 
with liver mitochondria in vitro. This is in accordance with earlier observations 
on the ability of mitochondria from particular tumours to oxidize fatty acids, in 
relation to their mode of preparation. 

ATPase and DPNase activities, displayed by mitochondria from a number of 
tumours were measured, and it was shown that the group of mitochondria whic! 
exhibited the highest ATPase activities also gave evidence of high DPN splitting 
activities. To this group belonged a transplanted mouse sarcoma, an adrena! 
cortex carcinoma of the mouse, a sarcomatoid tumour of the mouse ovary an 
butter yellow-induced primary hepatic carcinomas of the rat. 

The mitochondria prepared in sucrose-versene from these tumours were 
found in earlier work to inhibit the fatty acid oxidation of normal liver mito- 
chondria when added to the latter ; the existence in the tumour mitochondria of 
ATP- and DPN-splitting activities was deduced from these experiments, and these 
conclusions are verified by the present work. 
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DEOXYRIBONUCLEIC acids have been prepared from a number of tumours of 
various types, using well-known methods which, when applied to calf thymus 
glands and other normal tissues, usually give a good quality of deoxyribonucleic 
acid (DNA), free from appreciable proportions of ribonucleic acid (RNA). It has 
been found that the tumour DNA’s so far examined, as prepared by these methods, 
almost invariably contain appreciable quantities of uracil, a normal constituent 
of RNA, in the acid hydrolysates. The experiments reported below provide 
evidence that the uracil is actually a component of ribonucleic acid. If this is so, 
it would be possible to determine the proportion of RNA present in any given 
preparation if the ratios of the bases present in the RNA were known. This is not 
the case, but as an approximation, the ratio of RNA to DNA can be taken as 
equal to that of uracil to thymine, on the assumption that the proportion of uracil 
in RNA is the same as that of thymine in DNA.* 

Table I gives the analyses obtained for a number of these preparations, which 
can be compared with analyses of normal tissues shown in Table II. The proportion 
of RNA found in the tumour DNA’s varies considerably even with one type of 
tumour. Studies were made of DNA isolated from a transplanted rat sarcoma 
(which had arisen in a granuloma produced by the repeated subcutaneous injection 
of xanthine) of different ages, but no clear trend was apparent in the analytical 
results (Table III). Variations of the preparative procedure were also tried (e.g. 
variation in number of washings of nucleoproteins, Tables I and III), but it was 
not found possible to obtain DNA free from RNA by continued washing of the 
nucleoproteins. 


EXPERIMENTAL 


Preparative procedures 

As soon as possible after excision, the tumour was cooled and stored at —32°C. 
until required. The frozen tumour was minced and homogenised in a Waring 
blender with isotonic sodium chloride. The aggregated part was centrifuged down 
at 1200 g. for 20 minutes in an International refrigerated centrifuge, and the super- 
natant liquid containing ribonucleoproteins was rejected. More isotonic saline was 
added to the precipitate and thoroughly stirred with it in the blender. Afte: 


* The proportion of uracil in RNA is usually approx. 15 per cent, and that of thymine in DNA 
is approx. 25 per cent. It is therefore probable that the actual percentage of RNA is greater than 
that shown in Tables I and III in the proportion 25/15. 
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centrifugation the supernatant was again rejected. This washing process was 
repeated five times except where otherwise shown in the table. DNA was extractec 
from the final precipitate in one of two ways. 

(1) Enzyme method.—This has been described (Butler, Conway and James 
1954). The precipitate is suspended in 20 per cent. NaCl, and adjusted to pH 
7-4-7-8. Chymotrypsin is then added in two portions (1 mg. per 20 ml. each) a 
24 hours interval. The digest is left to stand at room temperature for a further 2+ 
hours and after filtration the nucleic acid is precipitated by adding 70 per cen: 
alcohol. It is purified by redissolving, dialysis and reprecipitation. 

(2) Detergent method.—The procedure issimilar to that described by Kay, Simmon- 
and Dounce (1952): 9 ml. of 5 per cent solution of sodium dodecyl sulphate (SDS 
in 45 per cent alcohol is added to each 100 ml. of homogenate made by resuspendin, 
the precipitate in 10 volumes of isotonic saline. It is stirred slowly over-night a‘ 
room temperature and sodium chloride added to molar concentration. Thi- 
precipitates the protein-SDS complex, and the crude DNA in the supernatant then 
is precipitated with alcohol. The precipitate is redissolved in water and retreate:: 
with detergent in the same way. Finally, the DNA precipitate is redissolved in 
water, and sodium chloride added to 0-14 m, which precipitates any residue of 
nucleo-protein. 

In some cases it was found that after the fibrous DNA precipitate had been 
removed from the alcoholic solution, a flocculent precipitate of nucleic acid slowly 
formed in the solution on standing. This contained a larger proportion of RNA 
than the first fibrous precipitate (Table II). 


TaBLE II.—Composition of DNA Samples Prepared from Normal Rat Tissues. 


Source of 

DNA. Guanine. Adenine, Cytosine. Thymine. 
Thymus . . 23-5 . 30-0 . 27 . 253 
Spleen 22-9 29-2 20-3 ° 26-4 
Whole Embryo . 22-9 29-8 21-6 25-7 
Liver ° 24-6 28-5 ° 22-3 24°7 


Detection of ribose . 

Samples of nucleic acid were hydrolysed by N H,SO,, at 100° C., for one hour. 
The hydrolysate was applied to Whatman No. | paper and then neutralised by 
exposure to ammonia. Chromatograms were run in the upper layer of solvent from 
the mixture of n-butanol (4 vol.), ethanol (1 vol.) and water (3 vol.). The sugars 
were detected by spraying with aniline hydrogen phthalate. 

No pentose sugar was detected in the hydrolysates of calf thymus DNA. Rat 
liver RNA, and samples of DNA from “ xanthine ’’, benzpyrene and Crocker 
tumours and spontaneous mouse tumours, each yielded hydrolysates containing 
a pentose sugar, the Rf’s of which were found to be the same, and it was therefore 
concluded that the DNA from the tumours contained the same pentose sugar 
(ribose) as the rat liver RNA, in addition to deoxyribose. 


Removal of RNA by ribonuclease 

A 0-1 per cent solution of a “‘ xanthine ” tumour DNA was incubated with » 
small quantity of ribonuclease, at 37° C. for 16 hours. Solid NaCl was then adde:l 
to bring the solution to 2-0 m NaCl, and the solution dialysed for 24 hours against 
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a solution of 2-0 mM NaCl followed by exhaustive dialysis against distilled water. The 
nucleic acid was finally isolated by freeze-drying. It was found that the uracil and 
presumably the RNA, could be removed completely by this treatment (Table IV). 


TaBLeE [V.—Alkali and Ribonuclease Treatments of Tumour DNA Sampies. 


DNA. Treatment. Guanine. Adenine. Cytosine. Uracil. Thymtine. 

DNA (23) (calf thy- — 24-6 29-0 21-0 ‘ 25-2 
mus) NaOH ‘ 24-2 29-0 20-9 . ‘ 25-1 

= 25-4 29-3 23-0 2-3 19-9 
— NaOH 29-9 20-7 25-3 
Ribonuclease . 24-3 30-3 20-8 a 24-7 

“ ry ” — . 25-6 28-1 23-1 1-8 21-4 
te NaOH 93-6 30-6 20-7 25-0 
Ribonuclease . 25-2 30-9 21-5 a= 22-6 

Xanthine sarcoma 27-7 25-9 24-4 3-4 18-7 
P/13/21 powder NaOH 32-7 21-3 20-6 


Removal of RNA by alkali 

Nucleic acid was dissolved in N/1 NaOH solution to give a 0-6 per cent solution 
of DNA. This solution was incubated for 16 hours at 37° C., and then adjusted to 
pH 4 with glacial acetic acid. An equal volume of ethanol was added to precipitate 
the DNA, which was then washed in ethanol and acetone, and finally dried. Table 
IV shows that the uracil and presumably the RNA could be removed completely 
by this treatment. 


DISCUSSION 


The presence of RNA in preparations of DNA from certain tumours has been 
noted by other workers. Thus Khouvine (1954) found that DNA from certain 
human tumours often contains 20-30 per cent of RNA and also non-nitrogenous 
substances which made the purification of the DNA difficult. Laland, Overend and 
Webb (1952) have given an analysis of a sample of DNA prepared from mouse 
sarcoma tissue, which suggests that the DNA contained 16 per cent RNA, but was 
not otherwise abnormal. 

Since it has been shown that the ribonucleic acid is easily removed by ribo- 
nuclease action or by alkali, and since it appears to sediment separately in the 
ultracentrifuge (to be reported in detail later), it is apparently not bound to the 
DNA in any way and it is necessary to account for its presence in the final prepara- 
tion. The essential separation between DNA and RNA is performed at the nucleo- 
protein stage when the ribonucleoprotein particles are dispersed by washing with 
isotonic saline, while the deoxyribonucleoprotein (DNP) particles are aggregated. 
It therefore appears that in the case of tumour tissues this separation is not com- 
plete. It was thought that a more complete separation might be effected by 
continued washing at the nucleoprotein stage with isotonic saline. It was found 
that although continued washings reduced the proportion of RNA somewhat, it 
was not possible to remove it completely as the material containing DNA was also 
washed away before it was freed from RNA. 

It appeared that there is some difference between the DNP and RNP in th« 
tumour materials, as contrasted with those from normal tissues, which prevents 
their complete separation by washing with isotonic saline. 
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In order to find if the ribonucleic acids present in the tumour cells were at all 
abnormal, analyses have been made of the RNA’s prepared from normal and tumour 
tissues by the detergent (SDS) method. In the case of the “ xanthine ”’ sarcoma, 
there was no conspicuous difference between the normal and the tumour tissues 
(Table V), but a benzpyrene sarcoma and the Walker carcinoma were both found 
to have an abnormally high guanine/adenine ratio. It must, however, be remem- 
bered that the yield of RNA by this method is low (ca. 50 per cent) and it is 
possible that the ribonucleoproteins which are not decomposed by SDS differ 
significantly from those which are obtained. However, analyses of the RNA 
which is (1) liberated and (2) not liberated by SDS from normal tissues have not 
shown any significant differences. 


TaBLE V.—Composition of RNA Samples Prepared from Rat Rissues and Tumours- 


Guanine / 
Guanine. Adenine. Cytosine. Uracil. Thymine. Adenine. 
Xanthine sarcoma . . BF . WS . BO . 
RNA (1) 
“ Benzpyrene” sarcoma . 35:8 . 18:0 . 31-3 . 415-0 . Trace . 1-99 
RNA (1) 
Benzpyrene”’ sarcoma . 39-8 . 13:2 . 33-6 . . 8-02 
RNA (3) 
Walker carcinoma . 37-0 . . 29-6. . 14-4. 1-97 
RNA (1) 
Walker carcinoma . . BO . BB. 9-4 . . 


RNA (2) 


The ratios of bases in the tumour DNA’s are not greatly different from those in 
normal tissues. It is impossible to evaluate them precisely, as the base ratios of 
the contaminating RNA’s are unknown. It is to be noted, however, that the 
proportion of guanine tends to be high. This would be so if the RNA present were 
rich in guanine. However, the removal of the RNA does not greatly reduce the 
proportion of guanine. It is also to be noted that the removal of RNA usually 
causes an increase of the adenine content, and the percentage of purines in the 
product is considerably above that of the pyrimidines. This suggests that when 
RNA is removed from the tumour DNA, the base ratios of the remaining product 
are somewhat abnormal. 


SUMMARY 


Deoxyribonucleic acid prepared from many samples of rat and mouse tumours 
by standard methods, which with normal tissues give DNA free from RNA, 
contained varying amounts of RNA. This could be removed by ribonuclease or 
treatment with dilute alkali and was not firmly bound to the DNA. The reason for 
the presence of RNA in these preparations is not known, and may lie in the presence 
of RNA’s with exceptional properties, since some of the RNA’s obtained from these 
preparations have an abnormally high guanine/adenine ratio. 


We are much indebted to Professor A. Haddow for his interest in the work and 
for supplying us with the tumours used, and to Mr. J. A. Marsh for technical 
assistance. 
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INTEREST in the serum mucoprotein content in cancer dates from the observa- 
‘ions of Brdicka (1933, 1937), who discovered the presence in the protein-free 
filtrate from malignant serum of some substance giving a characteristic polaro- 
graphic wave. Later work, particularly by Winzler and Burk (1943), indicated 
that this substance was probably a mucoprotein and methods for its estimation in 
serum were developed (Winzler and Smyth, 1948 ; Petermann and Hogness, 1948). 
it was soon evident that the concentration of serum mucoprotein was frequently 
above normal in patients suffering from cancer and also in rats bearing experimental 
tumours (Shetlar, Erwin and Everett, 1950). This increase was not specific 
however for malignant diseases as similar results were recorded in rheumatism, 
tuberculosis, and in other infections (Seibert, Seibert, Atno and Campbell, 1947 ; 
Shetlar, Shetlar, Richmond and Everett, 1950 ; Greenspan, 1954). 

In the meantime interest in urinary mucoproteins was aroused by the work of 
Tamm and Horsfall (1950, 1952), who isolated from normal urine a mucoprotein 
fraction which was an active inhibitor of influenza virus haemagglutination. This 
work suggested to us that an investigation of urinary mucoproteins in cancer 
would be of interest, and a method for the characterisation and estimation of a 
urine mucoprotein fraction which could be applied conveniently to a series of 
cases was devised (Anderson and Maclagan, 1955a). At the same time some 
modifications were introduced into existing methods of serum mucoprotein estima- 
tion (Anderson and Maclagan, 19556). 

The present paper deals with the application of these methods to normal 
subjects and to a series of patients suffering from cancer and from other diseases. 
A preliminary report has appeared elsewhere (British Empire Cancer Campaign, 
Report, 1954; Anderson, Lockey and Maclagan, 1955a). 


MATERIAL AND METHODS 


Details of the 399 subjects investigated are given in Table I. They have been 
divided into three main groups consisting of normal, non-malignant and cancer 
cases. In all cases the diagnosis was well established on clinical and radiological 
or pathological grounds, histological confirmation being available in 101 of the 114 
cases of cancer. 


("rine mucoprotein estimation 
The urine estimations were performed on 24-hour specimens. The method of 
Anderson and Maclagan (1955a) was used without modification except that in 
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TaBLE I.—Analysis of Subjects Investigated. 


Number Serum Urine 
Clinical diagnosis. of cases. tests. tests. 
A. Normal group : 
1. Men and non-pregnant women. 63 71 42 


100 


Totals 


B. Non-malignant group : 
1. Collagen diseases— 

(6) Ankylosing spondylitis ‘ ‘ ‘ ‘ 26 ° 32 . 13 


2 


. Liver diseases— 
(a) Infective hepatitis 

(6) Cirrhosis 

(c) Obstructive jaundice ‘ 


aon 
ove 


. Endocrine diseases— 
(a) Thyroid dysfunction . 9 
(b) Diabetes mellitus ‘ ‘ 5 
7 
7 


4. Infective diseases— 

(6) Bacterial infections . 1 
5. Miscellaneous— 

Osteoarthritis ; renal calculi ; coronary occlusion ; 

hypertension ; sarcoidosis; prostatic hyper- 

trophy ; blood dyscrasias; ulcerative colitis ; 
fractures; C.N.S. lesions; peptic ulcers, etc. 69 ° lll é 45 


Ac 


Totals 


. Malignant group : 
1. Lymphomata disease; leukaemia ; 


lymphosarcoma) . ° 22 42 24 
2. Alimentary tract— 

Oesophagus, stomach, and rectum . 22 44 25 
3. Bronchus . 20 25 18 
4. Breast 16 20 12 
5. Bone 7, osteogenic sarcoma 3) 10 20 20 
6. Bladder. 8 8 8 


143 


patients with a high urine mucoprotein concentration a smaller initial sample was 
used. In such cases 20 ml., or less, of urine were taken and diluted to 40 ml. with 
water before the addition of sulphosalicylic acid. It should be noted that in this 
method the presence of albuminuria has the effect of decreasing the recovery of 
added mucoprotein so that in such cases the value obtained is probably too low. 
In the present series about 20 per cent of patients had albuminuria which was 
usually slight. The possible effect of this factor is discussed further below. 


Serum mucoprotein estimation 

The following method is based on that of Winzler, Devor, Mehl and Smyt): 
(1948) and Ayala, Moore and Hess (1951) and has been described briefly elsewhere 
(Anderson and Maclagan, 19555). The conditions of precipitation must be followed 
exactly to obtain reproducible results. The degree of reproducibility with « 
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single worker is about + 5 per cent, but larger variations have been found between 
different workers, as has been noted by Mandel, Gorsuch and Cooper (1955). 
These variations are presumably due to different degrees of co-precipitation of 
mucoproteins with other serum proteins. 


Reagents : 

Aqueous saturated sodium chloride solution. 0-9 per cent (w/v) aqueous 
sodium chloride. 

0-2 sulphosalicylic acid. This reagent must be prepared fresh each day. 

5 per cent (w/v) phosphotungstic acid in 2n HCl. This reagent is stable 
for at least 14 days at room temperature. 

Diphenylamine reagent. Diphenylamine (1 g.) dissolved in a mixture 
of 90 ml. of glacial acetic acid and 10 ml. of conc. H,SO,. This reagent is 
stable for at least 7 days at room temperature. 

Sulphosalicylic acid, reagent grade. All other reagents AnalaR. 


0-7 


Colorimetric reading (optical density) 


0 100 4 500 600 
Mg, mucoprotein/100 mL serum 


Fic. 1.—Serum mucoprotein estimation. Calibration curve. 


Method.—1 ml. of serum was pipetted into a 15 ml. tapered centrifuge tube and 
| ml. of 0-9 per cent (w/v) saline added. After mixing the contents with a glass stirrer 
6 ml. of 0-2m sulphosalicylic acid were added immediately from a pipette, allowing 
20 seconds for the delivery with constant stirring. The contents of the tube were 
then thoroughly mixed by two inversions. After standing for 30 minutes with 
occasional stirring the mixture was filtered through No. 50 Whatman filter paper. 
if the filtrate was cloudy it was refiltered. A cloudy filtrate usually indicated a 
high mucoprotein concentration. Three ml. of the filtrate were then pipetted into 
another 15 ml. tapered centrifuge tube and 2 ml. of 5 per cent (w/v) phospho- 
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tungstic acid in 2N HCl added. The contents were stirred immediately and after 
the precipitate had flocculated (about 10 minutes) it was centrifuged down. The 
precipitate was then washed once with 8 ml. of acetone and re-centrifuged. The 
supernatant fluid was decanted and the tubes drained by inversion for about 30 
seconds on filter paper. (Draining for longer periods causes an appreciable decrease 
in the solubility of the mucoprotein.) 

The precipitate was then treated with 2 ml. of water previously adjusted to 
about pH 9 with 0-1n NaOH. The mixture was stirred occasionally for 10 minutes 
and 8 ml. of acetone added. After thorough stirring the mucoprotein was precipi- 
tated by addition of one drop of saturated aqueous sodium chloride solution. 
After further stirring the mucoprotein was allowed to flocculate (from 5 to 60 
minutes) and then centrifuged. The supernatant fluid was rejected and the tubes 
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Fie. 2.—Relationship between urine mucoprotein and specific gravity in cancer. 
Correlation coefficient = + 0-48. 


allowed to drain as above for about 30 seconds. Four ml. of water at pH 9 were 
then added, the contents stirred and allowed to stand with occasional stirring for 
at least 30 minutes to ensure complete solution of the mucoprotein. The slight 
insoluble residue was removed by centrifugation and the supernatant fluid 
decanted into a test tube of convenient size. Three ml. were transferred into the 
special reaction tube (as used in the method for urine mucoprotein estimation), 
followed by 3 ml. of the diphenylamine reagent. After mixing, the contents were 
heated at 100° C. for exactly 30 minutes in a boiling water-bath. After cooling 
under tap water the colour was then read in a photoelectric absorptiometer using 
an Ilford 604 filter (maximum transmission 540 my.). A blank, consisting of 1 ml. 
of 0-9 per cent saline in place of 1 ml. of serum, was set up for each determination 
The results were read from a standard curve obtained from an aqueous solution 
of the urine mucoprotein fraction A, (Anderson and Maclagan, 1955a) employing 
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« concentration range of from 50 to 900 mg. per 100 ml. and expressed as mg. per 
100 ml. of serum. 


RESULTS 


Preliminary observations on urine mucoprotein estimations showed that there 
vas a definite correlation between the concentration of urinary mucoprotein and 

‘he specific gravity of the 24-hour specimen for all three groups. This correlation 

‘a the cancer group is oy 5 in Fig. 2. Statistical analysis showed it to be 
aighly significant (r + 0-48, P = less than 0-001). 

This relationship suggested the use of a factor obtained by dividing the urinary 
nucoprotein concentration, expressed in mg. per 100 ml., by the last two figures 
1000 x excess above unity) of the specific gravity of the ‘24-hour specimen. This 

vatio which we have called the “relative urine concentration ” (R.U.C.) gives a 
neasure of the mucoprotein excretion relative to the total solids of the urine. 


TaBLeE II.—Urine and Serum Mucoprotein Values in Normal Subjects 
Mean + Standard error. 


Pregnant 

Urine values Male (15). Female (14). female (7). 
Relative urine concentration UC.) . -627+0-029 0-566+0-039 0-72+0-024 
24-hour volume . 1750+ 88 1070+ 74 1865 + 125 
Specific gravity . ‘ 1-014340-00714  1-0198+0-0146 1-0129+0-0063 
Total solids 66-7+3-1 51-9+41-9 63-0+43-7 
Mucoprotein mg. /24 hours . 156+6-71 11146-15 166+1-11 
Mucoprotein mg./100 ml... 9-3+0-377 10-6+0-58 9-26+1-04 


Pregnant 
Male (28). Female (26). female (7). 
Serum mucoprotein mg./100 ml. . - 138-545-62 134-3+45-58 1544+16-1 


Table II shows the values obtained in a normal group of healthy adults between 
the ages of 17 and 35 years. It will be seen that while there is no significant 
difference between the sexes for the serum mucoprotein values, the male subjects 
excreted significantly more urine mucoprotein than the females as previously 
reported (Anderson and Maclagan; 1955a). It will also be noted that the males 
excreted larger amounts of total solids than the females presumably on account of 
their greater body size. If, therefore, the mucoprotein excretion is compared with 
the total solids, as given by the relative urine concentration, we obtain a factor 
which is independent of sex and presumably of body size. It has the further 
advantage of obviating errors due to incorrect collection of 24-hour specimens. 
This factor was therefore selected as most suitable for comparison of the various 
clinical groups, which of course included both sexes. 

Fig. 3 compares the serum and urine values in malignant disease and it can be 
seen that a marked positive correlation was present. Statistical analysis showed 
this to be highly significant (r + 0-69, P = less than 0-001). A similar though less 
marked correlation is displayed by the 215 non-malignant cases. This appears to 
indicate that the mucoproteins that we have estimated in the urine may be at 
least partly derived from those estimated in the serum. 

Table III gives a general summary of the serum and urine mucoprotein values 
in the cases investigated. It will be seen that the highest average figures occur in 
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III.—Statistical Summary of Results 
Mean + Standard error. 


Serum mucoprotein Urine mucoprotein _ Relative urine 


Condition. in mg. per 100 ml. per 24 hours. concentration. 
Normal (male and female) . 136-5+23-93 134-5+ 6-06 0-598 +0-024 
Pregnancy . i 154 +16-1 166 + 1-11 0-72 +0-024 
Endocrine . 144 +10-86 197 +19-29 0-81 +0-05 
Renal calculi 153 +18-4 154 +35-1 0-82 +0-133 
Liver ‘ ‘ 173 +11-6 —* —* 
Infections . . ‘ ‘ . 271 +18-4 217 +21-79 1-23 +0-156 
Ankylosing spondylitis ‘ . 258 +14-2 153 +19-9 1-10 +0-172 
Rheumatoid arthritis . j . 256 +10-7 204 +25-02 1-06 +0-08 
Cancer 3808 +15-4 238 ++17-26 1-58 +0-121 


* Urine estimations not performed. The presence of bile in urine 
interferes with the colorimetric estimation. 
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Relative urine concentration 
Fic. 3.—Relationship of serum and urine mucoproteins in malignant disease. + = heat 
coagulable protein present in urine; @ = no heat coagulable protein present in urine. 
Correlation coefficient = + 0-69. 


malignant disease, but that collagen and infective diseases also show considerabl« 
elevation. In addition there was some elevation of urinary mucoprotein excretion in 
pregnancy and in the endocrine group, and a significant rise of serum mucoprotein 
in the liver group. The results in cases of renal calculi were within normal limits. 

Fig. 4 and 5 show the detailed results of the urine and serum mucoproteins for 
various groups of diseases. It will be seen from these figures that although many 
high values occurred in the infective and collagen group, the range of values wa- 
greater and high values much more frequent in cancer. Thus in the case of serum. 
only 3 non-malignant cases had values greater than 450 mg. per 100 ml. (wide 
spread abdominal sepsis ; severe ulcerative colitis ; disseminated lupus erythema- 
tosus). With the relative urine concentration, values of more than 2-5 were see! 
in 5 non-malignant cases (long-standing urinary infection in a paraplegic, sever: 
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Fic. 4.—Serum mucoproteins in disease. 
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ulcerative colitis, disseminated lupus erythematosus, polyarteritis nodosa anc 
glandular fever). In the cancer group, on the other hand, the corresponding * 
figures, drawn from a slightly smaller sample, were 21 for the serum and 12 fo 

the urine values. The results in the non-malignant cases will not be discusse:: 
further in this paper. 

Fig. 6 and 7 give a further analysis of the cancer group, from which it will b» 
seen that the highest values, both for urine and for serum mucoprotein, occurre:: 
in cases with a wide dissemination of tumour tissue. These included cases wit), 
widespread metastases from primary tumours of various organs, and also condition 
such as the leukaemias, Hodgkin’s disease and lymphosarcoma, where dissemina 
tion is present from the start of the condition. Nevertheless, serum values greate: 
than 450 mg. per 100 ml. were recorded in 2 cases of apparently localised cancer 
and in one where only the local drainage glands appeared involved. This latter wa 
a case of carcinoma of the bronchus with gross secondary infection of the lung an: 
also showed a very high urinary value. The two localised cases were both cancer 
of the oesophagus. Possibly the marked dehydration present in both was part], 
responsible for the raised values. The urine was not examined in either of these. 

A further point of interest was that many of the cases with low mucoprotein 
values and wide dissemination were those involving bone (plasmacytoma an 
metastases in bone.) 


Taste IV.—M ucoprotein Values and Type of Cancer Dissemination 
Mean + Standard error. 


Number of cases. — 


Serum Urine Relative 
Serum Urine mucoprotein § mucoprotein urine 
Group. tests. tests. mg./100 ml. mg./24 hours. concentration. 
1. All cancers - 112 85 . 308+415-4 238+17-26 1-58+0-121 
2. Lymphoma group. 22 14 . 403+427-3 341+53-4 2-08+0-28 


(Hodgkin’s disease; leukae- 
mia ; lymphosarcoma) 
3. “ Bone group ‘ 15. 216417-1 189+ 22-5 1-04+0-102 
(multiple myeloma;  osteo- 
genic sarcoma; secondaries 
confined to bone) 
4. All cancer not included in 2 0r3 75 56. 299+19-8 217+20-15 1-55 


Further information as to the influence of tumour site is given in Table IV 
from which it can be seen that the mean mucoprotein values of the lymphoma 
group were significantly higher, and those of the “ bone ” group were significantly 
lower than the general cancer mean. Apart from this relationship there was no 
obvious correlation between the results and the tumour site, cases of breast, 
bronchus and alimentary tract cancer showing similar distributions of elevated 
values. 

Attempts to demonstrate a correlation between histological tumour type or the 
degree of histological differentiation with mucoprotein levels were unsuccessful. 

Fig. 8 shows the effect of surgical treatment of malignant and non-malignant 
conditions (17 and 10 cases respectively) on the serum mucoprotein level. [t 
will be seen that the main tendency is a marked rise during the first few days 
following operation, with a return towards normal levels after 2-3 weeks. The 
only exceptions were 3 cases of cancer in which either no change (1 case) or a fall 
(2 cases) was seen post-operatively. It appears therefore that during the pericd 
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Fic. 6.—Urine and serum mucoproteins in cancer. Relationship to degree of spread. 
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Fic. 7.—Serum mucoprotein changes after operation. Initial values in brackets. 
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studied any possible fall in serum mucoprotein due to removal of tumour tissue is 
usually overshadowed by a general rise which is presumably associated with the 


process of tissue repair. 


+ 


Percentage change from initial value 


5[260] 
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Weeks of treatment 


Fic. 8.—Mucoprotein changes during radiotherapy. Initial values in brackets. 1 = Antral 
carcinoma. 2.= Osteogenic sarcoma with extensive lung secondaries. 3.=—Hodgkin’s 
disease. 4.= Large anaplastic carcinomatous ulcer of neck. 5.= Carcinoma of floor of 


mouth. 


Data on the influence of radiotherapy is limited to 5 cases, but it will be seen 
from Fig. 9 that considerable changes were sometimes produced in both levels. 
In the case of urine all cases showed an initial fall, which was maintained for some 
weeks in 4 of the 5 cases. The results with serum were less regular, but it was noted 
that the 2 cases showing the greatest fall had the most marked therapeutic benefit, 
whilst the 2 cases showing a rise responded poorly to treatment. 


DISCUSSION 


The present study has confirmed previous reports as to the rise of serum muco- 


protein concentrations in cancer and has shown that a similar rise occurs in the In 

urine mucoprotein fraction which we have investigated. These changes, although ae 

more striking for cancer, are not specific, as they also occur in infections and in the _ 

collagen diseases. Their relation to cancer as a disease is largely unexplained, ; 

although suggestions have been made that they are related to cellular proliferative dif 

or degenerative processes (Greenspan, 1954). The sites of production of these - 

mucoproteins in cancer are at present unknown. It may seem surprising that as * 
| much as 200 mg. of this mucoprotein are excreted daily by normal subjects in the on 
> urine, which is usually considered to be protein-free, but it must be pointed out - 
that mucoproteins are of course not coagulable by heat and are not precipitated ol 
a by the usual protein precipitants. lee 
The striking positive correlation between urine and serum mucoproteins which the 
we have found suggests that a part at least of the urinary fraction may be derived ” 


from the blood. This conclusion is of interest in relation to recent work by Tamim 
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and Horsfall (1950, 1952) and Porter and Tamm (1955) who have investigated a 
irine mucoprotein which was homogeneous in the ultracentrifuge and electro- 
vhoretically at pH 8-6. They suggest that it may be derived from the mucous cells 
if the bladder. This urine mucoprotein, which has not been detected in serum, 
differs in several aspects from the fraction studied by us. Thus our fraction, although 
not homogeneous in the ultracentrifuge, has a main component with a mean 
nolecular weight of the order of 20,000 (Shooter, 1955, private communication) 
‘n contrast to the molecular weight of 7 x 10° reported for the mucoprotein of 
‘amm and Horsfall (Horsfall, 1954). Furthermore our fraction has a slower 
lectrophoretic mobility at pH 8-6. It is of interest to note that the electrophoretic 
woperties of our fraction, both at pH 8-6, where it migrates with the a-globulin, 
and at pH 4-6, where two negatively charged components are observed (Anderson, 
ockey and Maclagan, 19555) are very similar to the serum mucoprotein fraction 
of Mehl, Golden and Winzler (1949). In addition the molecular weight (44,100) of 
ihe major serum mucoprotein (Smith, Brown, Weimer and Winzler, 1950) is of 
the same order as the mean molecular weight of our fraction. These facts support 
the view that our urine mucoprotein fraction is, in fact, probably derived from the 
hlood by renal excretion. 

Assuming that our urine mucoprotein fraction originates from the blood, it is 
possible to calculate an approximate value for its renal clearance from the data 
given in Table III. Normal subjects give a mean value of 99 ml. of serum cleared 
of mucoprotein in 24 hours, and results in other groups vary from 77 for cancer to 
137 for endocrine diseases. Although these are very low clearances they are 
considerably higher than those of other serum proteins. Thus, from the data of 
tigas and Heller (1951) and others the renal clearance of serum albumin would 

appear to be only 0-3 ml. per 24 hours. It appears therefore that the kidney 
excretes the mucoprotein of the serum more readily than it does the other serum 
proteins, presumably on account of smaller molecular size or different molecular 
shape. 
Mucoprotein levels have shown a definite relation to tumour site since eleva- 
tions were particularly marked in cases of leukaemia, Hodgkin’s disease and 
lymphosarcoma—i.e. diseases where lymphatic glands are particularly affected. 
Only very slight elevations were present in the case of tumours involving bone, 
such as plasmacytoma, osteogenic sarcoma and metastases confined to bones. 
In addition there was the expected relationship with the extent of the malignant 
process, patients with widely disseminated tumours tending to show the highest 
values. 

The effect of treatment on mucoprotein metabolism disclosed an interesting 
difference between surgical and radiotherapeutic treatment. Operation for malig- 
nant conditions nearly always produced a sharp rise in mucoprotein levels, 
presumably due either to processes of tissue repair, or to the hormonal results of 
stress (Kelly, Kirschvink and Ely, 1952). The rise was almost equally pronounced 
after operations for non-malignant conditions. Our patients have not yet been 
followed long enough to ascertain whether an eventual fall to within normal levels 
would occur. Radiotherapy, on the other hand, while having a variable effect on 
the serum levels usually lowered the urine mucoprotein. There was some indication 
tl.at a fall in serum mucoprotein concentration was related to a favourable clinical 
response. 

In general the correlation between the serum and urine mucoprotein levels 
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discussed above also applied to those individual cases that we have been able to 
follow after surgical procedures and during therapeutic treatment. As regards 
choice of test, either urine or serum mucoprotein estimations may be usefully 
employed. Although we found the serum mucoprotein estimation somewhat less 
reproducible than that of urine, the reasons for which we have discussed above, it 
has the advantage of greater technical simplicity and of avoiding the need for a 
24-hour urine collection. 

While the disturbances of mucoprotein metabolism in cancer is of considerable 
theoretical interest, mucoprotein estimations appear to be of little value as a 
diagnostic aid in patients with suspected cancer, since high values are rarely found 
in early or localised cases. It is possible that they may prove to be of value in 
prognosis or in following the effects of treatment, but more data would be required 
to establish such a relationship. 


SUMMARY 


1. Urine and serum mucoprotein levels have been estimated in 114 cases of 
cancer, in 215 cases of non-malignant disease, and in 63 normal subjects. 

2. The serum values were expressed as mg. per 100 ml. and the urine values as 
relative urine concentration (R.U.C.). These two values were closely correlated 
with each other and it is suggested that the urinary mucoproteins originate in 
part from the blood. 

3. Both urine and serum levels were frequently above normal in cancer, but 
similar elevations were also seen in inflammatory and in the collagen diseases. 
Very high values occurred mainly in the cancer group. 

4. In cancer the highest values were recorded in patients with widely dissemi- 
nated disease, whether primary or secondary in nature. Results were particularly 
striking in the lymphomata, while in malignant disease mainly confined to bone 
very little elevation was found. Other cancers occupied an intermediate position. 

5. The effect of surgical and radiotherapeutic treatment on the mucoprotein 
levels was studied in a small series of patients. Operations almost always produced 
a marked rise. The effect of radiotherapy was inconstant, but falling values 
appeared to bear some relationship to a favourable therapeutic response. 


We are much indebted to the Medical and Surgical Staf of Westminster 
Hospital for permission to investigate their patients and to the Nursing Staff for 
their willing and cheerful co-operation. The work has been made possible by 
generous grants from the British Empire Cancer Campaign and from the Governor’s 
Discretionary Fund of Westminster Hospital. 
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